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The CULVER TRAVERSE YARN GUIDE 

Gives Even Tension Tlirougliouf iiie Spin, Eliminates the Dirf- 
Gathering, Yarn-Spoiling, Wooden and Netal Threadboards 



The Simple Mechanism 



The Culver Traverse Yarn Guide 
for ring spinning frames has two im- 
portant (unctions : 

First — It substitutes lor the wide 
metal or wood threadboard a steel 
bar, % X /^ inch, carrying small, 
hinged thread guide holders, the 
thread guides being held in position 
rigidly and the whole affording no 
place for lint or dust to gather. 

Second — By an extremely simple 
and positive mechanism, actuated 
from the rocker shaft, the whole 
thread guide bar, which is counter- 
balanced and carried on lifting rods, 
IS raised and lowered in unison with 
the ring rail, thus maintainmg a uni- 
form distance between the rings and 
the thread guides throughout the spin. 
The resultant even tension on the 
yarn is no less important than an 
average increase of 1 /^ inches in 
length of traverse and bobbm. 

Adjustments for various lengths of 
traverse are made simply and quickly. 

Is adapted for use on either warp 
or filling frames and with equally 
beneficial results. 



No. 1 shows bobbin spun with 6-inch traverse. 

No. 2 shows bobbin with 7X-»nc^^ traverse spun 
on same frame equipped with Culver Traverse 
Yarn Guide. 



Some of its Advantag'es 




No. I 



Means economy to spinners. 
Increases traverse, decreases cost of 

doffing. 
Traverse mcreased from 6 to 7 %, 

inches. 
Evener tension means better spinning 

and better yarn. 
No chance for dirt to collect above 

or below thread guide bar. 
Absence of dirt and lint means cleaner 

yarn with no " lumps.' 
Thread guide eye remains in absolute 

position. 
Thread guide can be adjusted, if de- 
sired, in five seconds. 
In many cases separators are not 

necessary. 
Evener tension means less balloonmg. 
Absence of separators saves chafing 

of yarn and prevents wavy winding. 
Wavy wear on traveler prevented by 

eliminaton of separators. 
Means less knots in weave room. 
Economy m labor due to fewer ends 

to piece up. 
Fewer operatives necessary because 

of less doffing, 
By actual exper.ment production is 

increased about seven per cent. 
Makes possible increase of frame 

speed. 
Gives nearly uniform tension through- 
out the spin. 
Means even runnmg of frame. 
Results in less annoyance to, and 

consequently less trouble with. 

help. 
Same number of employes can attend 
to a fifth more spindles. 
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YARN AND CLOTH CALCULATIONS. 



Grading of the Various Yarns Used in the Manufacture of 
Textile Fabrics According to Size or Counts. 



The size of the yarns, technically known as their "Counts" or numbers, are based for the different 
ra V materials (with the exception of raw silks) upon the number of yards necessary to balance one (1) 
lb. avoirdupois. The number of yards thus required (to balance 1 lb.) are known as the "Standard" 
and vary accordingly for each material. The higher the count or number, the finer the yarn according 
to its diameter. 

COTTON YARNS. 

Cotton yarns have for their standard 840 yards (equal to 1 hank) and are graded by the number 
of hanks 1 lb. contains. Consequently if 2 hanks, or 2 X 840 yards = 1680 yards are necessary to 
balance 1 lb. we classify the same as number 2 cotton yarn If 3 hanks or 3 X 840 or 2520 yards are 
necessary to balance 1 lb., the thread is known as number 3 cotton yarn. Continuing in this manner, 
always. adding 840 for each successive number gives the yards the various counts or numbers of cotton 
yarn contain for 1 lb. 

Table of Lengths for Cotton Yarns. 

(From number i to 240's.) 



No 


Yds. to I lb. 




No. 


Yds to I lb. 




No. 


Yds. to I lb 




No, 


Yds. to I lb. 




No 


Yds. to I lb. 


1 


840 


17 


14, 280 


33 


27,720 


50 


42,000 


85 


71,400 


2 


1,680 




18 


15,120 




34 


28,560 




52 


43,680 




90 


75,600 


3 


2,520 




19 


15,960 




35 


29,400 




54 


45,360 




95 


79,800 


4 


3,360 




20 


16,800 




3b 


30,240 




56 


47,040 




100 


84,000 


5 


4,200 




21 


17,640 




37 


31,080 




5a 


48,720 




no 


92,400 


6 


5,040 




22 


18,480 




3» 


31,920 




60 


50,400 




120 


100,800 


7 


5,880 




23 


19,320 




39 


32,760 




62 


52,080 




130 


109.200 


8 


6,720 




24 


20,160 




40 


33,600 




64 


53,760 




140 


117,600 


9 


7,560 




■25 


21,000 




41 


34,440 




66 


55,440 , 




150 


126,000 


10 


8,400 




26 


21,840 




42 


35,280 




68 


57, 120 




160 


134,400 


II 


9,240 




27 


22,680 




43 


36.120 




70 


58,800 




170 


142,800 


12 


10,080 




28 


23,520 




44 


36,960 




72 


60,480 




180 


151,200 


13 


10,920 




29 


24,360 




45 


37,800 




74 


62,160 




190 


159,600 


14 


11,760 




30 


25,200 




46 


38,640 




76 


63,840 




200 


168,000 


15 


12,600 




31 


26,040 




47 


39,480 




78 


65,520 




220 


184,800 


16 


13,440 




32 


26,880 




48 


40,320 




80 


67,200 




240 


201,600 



Grading of 2-ply, 3-ply, etc., Cotton Yarns. 

Cotton Yarns are frequently manufactured into 2-ply. In such ca.'^es the number of yards required 
for 1 lb. is one-half the amount called for in the single thread. 

For Example. — 20's cotton yarn (single) equals 16,800 yards per pound, while a 2-ply thread of 
20's cotton, technically indicated as 2/20's cotton, requires only 8400 yards, or equal to the amount 
called for in single lO's cotton (technically represented as lO's cotton). Single 7's cotton yarn has 5,880 
yards to 1 lb., and thus equals 2-pIy 14's cotton yarn ; or 2/14's cotton yarn equals one-half the count 
(14-f-2^7), or number 7 in single yarn. 



If the yarn be more than 2-ply, divide the number of the single yarn in the required counts by 
the number of ply, and the result will be the equivalent counts in a single thread. 

Example. — Three-ply 60's, or 3/60's cotton yarn, equals in size 

/ Number of single yarn) / -nt _u r i I i Equivalent counts in a\ 

i in required ctunts. J ( dumber of ply. ^ \ ^ ^.„gl^ ^j^^^^^ } 

(60 _=_ 3 ^ 20) 

single 20's cotton yarn, or 16,800 yards of single 20's cotton yarn weigh 1 lb., and 16,800 yaras or' 
3/60's cotton yarn weigh also 1 lb. Again, 4-ply 60's or 4/60's cotton yarn equals in size 

f Number of single yam "I f t^t i, r i "I f Equivalent counts in a ( 

1 in required counts. | { Number of ply . | | ^ single thread. f 

(60 -- 4 = 15) 

single 15's cotton yarn; or single 15's cotton yarn has 12.600 yards, weighing 1 lb., which is also the 

number of yards required for 4/60's cotton yarn. 

Rule for finding the Weight in Ounces of a given Number of Yards of Cotton Yarn 

of a known Count. 

Multiply the given yards by 16, and divide the result by the number of yards of the known 
count required to balance 1 lb. 

Example (single yarn). — Find weight of 12,600 yards of 30's cotton yarn. 12,600X16= 
201,600 ; 1 lb. 30's cotton yarn=25,200 yards. Thus, 201,600-^25,200=8. 
Answer. — 12,600 yards of 30's cotton yarn weigh 8 oz. 

Example (2-ply yarn).— Find the weight of 12,600 yards of 2/30's cotton yarn. 12,600X16= 
201,600 ; 1 lb. 2/30's cotton yarn=12,600 yards. Thus, 201,600^12,600=16. 
Answer. — 12,600 yards of 2/30's cotton yarn weigh 16 oz. 

Example— (3-T^\y yam).— Find the weight of 12,600 yards of 3/30's cotton yarn. 12,600x16= 
201,600; 1 lb. 3/30's cotton yarn=8,400 yards. Thus, 201,600^8,400=24 oz. 
Answer. — 12,600 yards of 3/30's cotton yarn weigh 24 oz. 

Another rule for ascertaining the weight in ounces for a given number of yards of cotton yarn of 
a known count is as follows : Divide the given yards by the number of yards of the known count 
required to balance one ounce (being yards per lb. -^16). 

Example (single yarn). — Find the weight of 12,600 yards of 30's cotton yarn. 25,200-^lG^ 
1,575 yards 30's cotton yarn=l oz.; 12,600^1,575=8. 
Answer. — 1 2,600 yards of 30's cotton yarn weigh 8 oz. 

Example (2-ply yarn).— Find the weight of 12,600 yards of 2/30's cotton yarn. "12,600^1(5= 
7871 yards 2/30's cotton yarn=l oz.; 12,600^7871=16. 

Answer. — 12,600 yards of 2/30's cotton yam weigh 16 oz. ' 

Example (3-ply yarn).— Find the weight for 12,600 yards of 3/30's cotton yarn. 8,400-=-l 6=525 
yards 3/30's cotton yarn=l oz. ; 12,600-f-525=24. 

Answer. — 12,600 yards of 3/30's cotton yarn weigh 24 oz. 

Rule for finding the Weight in Pounds of a given Number of Yards of Cotton Yarn 

of a known Count. 

Divide the given yards by the number of yards of the known count required to balance 1 lb. 

Example (single yarn). — Find the weight of 1,260,000 yards of 30's cotton yarn. 30's cotton 
yarn=25,200 yards to 1 lb. Thus, 1,260,000^25,200=50. 
Answer. — 1,260,000 yards of 30's cotton yarn weigh 50 lbs. 



1 

Example (2-ply yam).— Find the weight of 1,260,000 yards of 2/30's cotton yarn. 2/30's cott(m 
yarn=12,600 yards to 1 lb. Thus, 1,260,000^12,600=100. 

Answer.— 1,260,000 yards of 2/30's cotton yarn weigh 100 lbs. 

Example (3-ply yarn).— Find the weight of 1,260,000 yards of 3/30's cotton yarn. 3/30's cotton 
yarn=8,400 yards to 1 lb. Thus, 1,260,000-^8,400=150. 

Answer.— 1,260,000 yards of 3/30's cotton yarn weigh 150 lbs. 

To find the Equivalent Size in Single Yarn for Two, Three, or More, Ply Yarn Composed 

of Minor Threads of Unequal Counts. 

^^n the manufacture of fancy yarns the compound thread is often composed of two or more 
minor threads of unequal counts. If so, the rules for finding the equivalent in single yarn is as follows : 

Rvh.—^li the compound thread is composed of two minor threads of unequal counts, divide the 
product of the counts of the minor threads by their sum. 

Example. — Find the equal in single yarn to a two-fold thread composea of single 40's and 60's. 
40x60=2400-=-100 (40+60)=24. 

Answer. — A two-fold cotton thread composed of single 40's and 60's equals a single 24's. 

Rule. — If the compound thread is composed of three minor threads of unequal counts, com- 
pound any two of the minor threads into one, and apply the previous rule to this compound thread and 
the third minor thread not previously used. 

Example. — Find equal counts in a single thread to a 3-ply yarn composed of 20's, 30's and 50's. 
20X30=600-^50 (20-h30)=12; 12X50=600^62 (12-|-50)=9fi. 

Answer. — A 3-ply cotton yarn composed of 20' s, 30's and 50's equals in size a single 91 r's thread. 

A second rule for finding the- equivalent counts for a yarn when three or more minor threads are 
twisted together is as follows : Divide one of the counts by itself, and by the others in succession, and 
afterwards by the sum of the quotients. To prove the accuracy of this rule we give again the previ- 
ously given example. 

Example. — Find equai counts in a single thread to a 3-ply yarn composed of 20's, 30's and 50's. 
60-^60=1 

50-h30=1^ 50-j-5i=9H 

50^20=2! 

5i 
Answer. — A 3-ply cotton thread composed of 20's, 30's and 50's equals in size a single 9It's thread- 

Example. — Find equal counts in a single yarn for the following 3-ply yarn composed of 40's, 
■^O's, and 20's cotton threads. 

40-^40=1 

40-^30=lJ 40-=-4J=9^3 

40h-20=2 

Answer. — The 3-ply yarn given in the example equals a single 9A cotton thread. 

Memo. — In the manufacture of twisted yarns (composed either out of two, three, or more minor 
threads) a certain amount of shrinkage will take place by means of the twisting of the threads around 
each other. No doubt if both minor threads are of equal counts this shrinkage will be equal for both, 
but if the sizes of the yarns, or the raw materials of which they are composed, are different, such 
"ia^e-itp" will be different for each minor thread. For example: a strong and heavy minor thread 
twisted with a fine soft thread; in this case the finer thread will wind itself (more or less) around the 
thick or heavy thread, not having sufficient strength to bend the latter, thus the finer thread will take 



up more in proportion than the heavy thread. Twisting a woolen thread with a cotton thread, boti 
supposed to be of the same counts, will stretch the former more than the latter; i. e. it will lose less ii 
length during twisting compared to the latter. Again two or more minor threads twisted with diiFer 
ent turns per inch will accordingly take up differently. In giving rules for any of the .yarn calcula 
tions in 2, 3, or more ply yarn, no notice of shrinkage or take-up by means of twisting the mino] 
threads is taken in account, since otherwise an endless number of rules of the most complicated char- 
acter would be required with reference to raw materials, the different counts of threads, turns of twis 
per inch and tension for each individual minor thread during the twisting operation. Such rules woulc 
thus be of little value to the manufacturer since his practical experience regarding this subject wil 
readily assist him to calculate quickly and exactly by rules given, with a proportional allowance for £ 
take up of minor threads as the case may require. 

WOOLEN YARNS. 

A. "Run" System. 

Woolen yarns are with the exception of the mills in Philadelphia and vicinity, graded by "r-uns' 
which have for their standard 1600 yards. Consequently 1 run yarn requires 1600 yards to 1 lb., 5 
run yarn — 3200 yards to 1 lb., 3 run yarn — 4800 yards to 1 lb., etc., always adding 1600 yards foi 
each successive run. In addition to using whole numbers only as in the case of cotton and worsted 
varn, the run is divided into halves, quarters, and occasionally into eighths, hence — 

200 yards equal \ run J 1000 yards equal | run 



400 
600 
800 



1200 


a 


i' 


* 


1400 


u 


a 


i 


1600 


a 


« 


1 



&c. 



Table of Lengths for Woolen Yarns {Run System). 
(From one-fourth Run to fifteen Run) 



Run. 


Yds. to I lb. 




Run. 

3 V 


Yds. to I lb. 




Run. 

5.V 


Yds to I lb 


' 


Run. 


Yds to I lb. 


X 


400 


4,800 


9,200 




13,600 


>^ 


800 




iU 


5,200 




6 


9,600 




8^ 


14,000 


X 


1,200 




3^ 


5,600 




6X 


10,000 




9 


14,400 


1 


1,600 




3X 


6,000 




6}i 


10,400 




1% 


15,200 


I>4 


2,000 


4 


6,400 




6^ 


10,800 




10 


16,000 


t,!4 


2,400 


A% 


6,800 




7 


11,200 




loK 


16,800 


i.¥ 


2,800 


A% 


7,200 




7X 


11,600 




11 


17,600 


2 


3,200 


aH 


7,600 




1% 


12,000 




12 


19,200 


2.'4' 


3,600 


5 


8,000 




iY, 


12,400 




13 


20,800 


2V2 


4,000 


5 '4' 


8,400 




8 


12,800 




14 


22,400 


2H 


4,400 




5 '4 


8,800 




8X 


13,200 




15 


24,000 



Rule for Finding the Weight in Ounces of a Given Number of Yards of Woolen Yarn of a 
Known Count Graded After the Run System. 

The run basis is very convenient for textile calculations by reason of the standard number equaling 
100 times the number of ounces that 1 lb. contains; thus by simply multiplying the size of the yarn 
given in run counts by 100, and dividing the result into the number of yards given (for which we have 
to find the weight), gives ns as the result the weight expressed in ounces 

Example. — Find the weight of 7200 yards of 4 run yarn — 4X100=400. 7200-=-400=18. 
Answer. — 7200 yards 4 run yarn weigh 18 ounces. 

Example. — Find the weight of 3750 yards of 3| run woolen yarn — .?".",;> - .;75^=10. 
Answer. — 3750 yards of 3f run woolen yarn weigh 10 ounces. 
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Rule for Finding the Weight in Pounds of a Given Number of Yards of Woolen Yarn of a 

Known Count Graded After the Run System. 

If the weight of a given number of yards and of a given size of woolen yarn, run system, is 
required to be calculated in pounds, transfer the result obtained in ounces into pounds or fractions thereof. 

Example.— Find the weight of 100,000 yards of GJ run yarn— 100,000-t-626=160 oz.-^-16=10. 
Ansioer. — 100,000 yards of 6^ run yarn weigh 10 lbs. 

B. "Cut" System, 

As heretofore mentioned, woolen yarn is also graded by the " cut " system. 300 yards is the basis or 
standard, consequently if 300 yards of a given woolen yarn weigh 1 lb., we classify it as 1 cut yarn ; 
if 600 yards weigh 1 lb. we classify it as 2 cut yarn ; if 900 yards weigh 1 lb. we classify it as 3 cut 
yarn, and so on ; hence the count of the woolen yarn expressed in the cut multiplied by 300 gives as 
the result the number of yards of respective yarn that 1 lb. contains. 

Table of Lengths for AA^oolen Yarns (Cut System). 
(From I cut to 50 cut Yam.) 



Cut. 


Yards to lb. 




Cut. 


Yards to lb. 




Cut. 


Yards to lb. 




Cut. 


Yards to lb. 




Cut. 


Yards to lb. 


I 


300 


12 


3,600 


23 


6,900 . 


34 


10,200 


45 


13,500 


2 


600 




13 


3,900 




24 


7 200 




.■■35 


10,500 




46 


13,800 


3 


900 




14 


4,200 




25 


7,500 




36 


10,800 




48 


14,400 


4 


1,200 




15 


4,500 




26 


7,800 




37 


11,100 




50 


15,000 


5 


1,500 




16 


4,800 




27 


8, ICO 




3« 


11,400 




54 


16,200 


6 


1,800 




17 


5,100 




28 


8,400 




■ 39 


11,700 




5« 


17,400 


7 


2,100 




18 


5,400 




29 


8,700 




40 


12,000 




60 


18,000 


8 


2,400 




19 


5,700 




30 


9,000 




41 


12,300 




65. 


19,500 


9 


2,700 




20 


6,000 




31 


9,300 




42 


12,600 




70 


21,000 


10 


3,000 




21 


6,300 




32 


9,600 




43 


12,900 




75 


22,500 


II 


3.300 




22 


6,60b 




33 


9,900 




44 


13,200 




80 


24,000 



Rule for Finding the Weight in Ounces for a Given Number of Yards of "Woolen Y arn of 
a Known Count Figured by the "Cut" Basis. 

This rule is similar to the one given for cotton yarn. " Multiply the given yards by 16 and divide 
the result by the original number of yards for the given count of cotton yarn that 1 lb. contains." 

Example.— Find the weight of 12,600 yards of 40-cut woolen yarn. 12,600X16=201,600; 1 
lb. of 40-cut woolen yarn=l 2,000 yards. Thus, 201,600^12,000=16.8. 
Answer. — 12,600 yards of 40-cut woolen yarn weigh 16.8 oz. 

The other rule for ascertaining the weight in ounces for a number of yards of cotton yarn of 
a known count' is as follows : Divide the given yards by the number of yards of the known count 
required to balance one ounce. 

Example. Find the weight for 12,600 yards of 40-cut woolen yarn. 12,000-^16=760 

12,600—750=16.8. 

Anmer. — 12,600 yards of 40-cut woolen yarn weigh 16.8 oz. 

Rule for Finding the Weight in Pounds of a Given Number of Yards of Woolen Yarn 
of a Known Count, Graded by the Cut Basis. 

This rule is also similar to the one previously given for cotton yarn. Divide the given yards 
by the original number of yards fof the given count of woolen yarn (cut basis) in 1 lb. The 
result expresses the weight in pounds, or fractions thereof. 
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Example. — Find the weight of 1,260,000 yards of 40-cut woolen yarn. 40-cut woolen yarn= 
12,000 yards to 1 lb. Thus, 1,260,000^12,000=105. 

Answei: — 1,260,000 yards of 40-cut woolen yarn weigh 105 lbs. 

Grading of Double and Twist or more Ply Woolen Yarn. 

Woolen yarns are sometimes manufactured in double and twist {d&tw.), seldom in a more ply. 

If produced in d&tw, and if both single threads are of the same counts, the established custom 
is to consider the compound thread one-half the count of the minor. Thus, a d&tw. 6-run woolen yarn 
will equal a single 3-run; or either yarn figures 4,800 yards to a lb. A d&tw. 7|-run woolen yarn will 
equal a single 3f -run woolen yarn ; or either yarn requires 6,000 yards per lb. A d&tw. 30-cut woolen 
yarn equals a single 15-cut, or both kinds of yarn required 4,500 yards per lb. 

If the compound thread is composed of three or more single threads, divide the number of the 
single yarn by the number of ply, and the result will be the required counts in a single thread. 

Examples. — Three-ply 10-run woolen yarn equals a (10^-3) 3^-run single thread, or requires 
5,333|- yards per lb. A 3-ply 45-cut woolen yarn equals a (45-^3) 15-cut single yarn, or requires 
4,500 yards per lb. 

Double and twisted woolen yarns, used in the manufacture of " fancy cassimeres," are frequently 
composed of two minor threads of unequal counts. If so, the rule for finding the equal in a sin- 
gle thread as compared with the compound thread is as follows : Divide the product of the counts of 
the minor threads by their sum. 

Example. — Find the equal counts in single woolen yarn (run basis) for a double and twist 
thread composed of single 3-run and 6-run woolen yarn. 3X6=18-^9(3-|-6)=2. 

Answer. — A 3-run and 6-run woolen thread being twisted equal a single 2-run woolen thread. 

Example. — Find the equal counts in single woolen yarn (cut basis) for a double and twist thread 
composed of single 20-cut and 30-cut yarn. 20x30=600-=-60 (20+30)=12. 

Answer. — A 20-cut and 30-cut woolen yarn twisted equal single 12-eut woolen yarn. 

As previously mentioned, we may in a few instances be called on to calculate for a 3-ply yarn. If 
such a compound thread is composed of three minor threads of unequal counts, compound any of the 
minor threads into one, and apply the previously-given rule for d&tw. 

Example. — A 3-run, 6-run and 8-run thread being twisted together, what are the equal counts in 
one thread for the compound thread? 

3X6=18-;-9(3-|-6)=2. (A 3-run and a 6-run thread compounded equal a 2-run single thread) 
Thus, 2X8=16-=-10(2-f 8)=lA=li 

Answer. — Compound thread given in example equals 1| run. 

Example. — A 20-cut, 30-cut and a 36 -cut thread, being twisted together, what is its equal size in a 
single yarn? 20x30=600-^50(20+30)=12, and 12x36=432^-48(12-f 36)=9. 
Answer. — Compound thread given in example equals a single 9-cut thread. 

As already mentioned, under the head of cotton yarns, a second rule for finding the equivalent 
counts for a yarn where three or more minor threads are twisted together is as follows : Divide one of 
the counts by itself, and by the others in succession, and afterwards by the sum of the quotients. 

To prove this rule, we will use examples heretofore given. 

Example. — Find equal counts in on'* thread for the following compound thread, composed of a 
3-run, 6-run and 8-run thread. 

8-4-8-^1 

8--6 = lJ 8^-5 = II 

8 -r- 3 = 2« 
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Answer. — Compound thread given in example equals If run. 

Example. — A 20-eut, 30-cut and 36-cut thread, being twisted together, what is its equal size iu a 
single yarn ? 

36-5-36=1 

36-5-30=li 36-^4=9 

36-^20=11 



Answer. — Compound thread given in example equals a single 9-eut thread. 

WORSTED YARNS. 

Worsted yarns have for their standard measure 560 yards to the hank. The number of hanks 
that balance one pound indicate the number or the count by which it is graded. Hence if 40 hanks 
each 560 yards long, weigh 1 lb. such a yarn is known as 40's worsted. If 48 hanks are required to 
balance 1 lb. it is known as 48's worsted. In this manner the number of yards for any size or count 
of worsted yarns is found by simply multiplying the number or count by 560. 

Table of Lengths for Worsted Yarn. 

(From No. t to 20o's). 



No. 


Yds. to I lb. 




No. 


Yds. to I lb. 




No 


Yds. to I lb. 




No. 


Yds to 1 lb. 




No. 


Yds. to I lb. 


I 


560 


15 


8,400 


29 


16,240 


46 


25,760 


74 


41,440 


2 


1,120 




16 


8,960 




30 


16,800 




48 


26,880 




76 


42,560 


3 


1,680 




17 


9,520 




31 


17,360 




50 


28,000 




80 


44,800 


4 


2,240 




18 


10,080 




32 


17,920 




52 


29,120 




85 


47,600 


5 


2,800 




19 


10,640 




33 


18,480 




54 


30,240 




90 


50,400 


6 


3.360 




20 


11,200 




34 


19,040 




56 


31,360 




95 


53,200 


7 


3,920 




21 


11,760 




35 


19,600 




58 


32,480 




100 


56,000 


8 


4,480 




22 


12,320 




36 


20,160 




60 


33,600 




110 


61,600 


9 


5.040 




23 


12,880 




37 


20,720 




62 


34.720 




120 


67,200 


10 


5,600 




24 


13.440 




38 


21,280 




64 


35.840 




130 


72,800 


II 


6,160 




25 


14,000 




39 


21,840 




66 


36,960 




140 


78,400 


12 


6,720 




26 


14,560 




40 


22,400 




68 


38,080 




160 


89,600 


13 


7,280 




27 


15,120 




42 


23,520 




70 


39,200 




180 


100,800 


14 


7,840 




28 


15,680 




44 


24,640 ■ 




72 


40,320 




200 


112,000 



Grading of 2-ply, 3-ply, etc. Worsted Yarns. 

Worsted yarn is like cotton yarn, very frequently produced in 2-ply. If such is the case, only 
one-half the number of yards as required per pound for the single yarn are required to balance the 
pound of 2-ply yarn. Hence 40's worsted (technically for single 40's worsted) requires 22,400 yard.s 
per lb. and 2/80's worsted (technically for 2-ply 80's worsted) requires also 22,400 yards per pound. 
2/60's worsted has 16,800 yards per pound correspoudlug to single 30's worsted. 

If the yarn be more than 2-ply, divide the number of yards of single yarn by the number of ply. 

Examples. — 3-ply 90's (3/90's) worsted yarn equals in size (90-^3) a single 30's thread; or both 
kinds of yarn require 16,800 yards to balance 1 lb. — 4/80's worsted yarn equals a (80h-4) single 20's. 



Rule for Finding Weight in Ounces for a Given Number of Yards of W^orsted Yarn of a 

Known Count. 

Multiply the given yards by 16, and divide the result by the number of yards the given count of 
worsted yarn contains balancing 1 lb. 
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Example (single yarn).— Find the weight for 12,600 yards of 40's worsted. 12,600X16=201,- 
600. 1 lb. of 40's worsted=22,400 yards, thus:— 201,600-^22,400=9. 
Answer. — 12,600 of 40's worsted weigh 9 oz. 

Example (2-ply yarn).— Find the weight of 12,600 yards of 2/40's worsted. 12,600X16= 
201,600. 1 lb. of 2/40's=ll,200 yards. Hence 201,600-^-11,200=18 
Answer. — 12,600 yards of 2/40's worsted weigh 18 oz. 

Example (3-ply yarn).— Find the weight of 12,600 yards of 3/40's worsted. 12,600 X 1 6=201,- 
600. 1 lb of 3/40's=7,466-| yards, thus 201,600^7,4661=27. 
Answer. — 12,600 yards of 3/40's worsted weigh 27 oz. 

Another rule for ascertaining the weight in ounces for a given number of yards of worsted yarn 
of a known count is as follows : Divide the given yards by the number of yards of the known count 
required to balance 1 oz. 

Example (single yarn). — Find the weight for 12,600 yards of 40's worsted. 22,400-^li(= 
1,400. 12,600^1,400=9. 

Answer. — 12,600 yards of 40's worsted weigh 9 oz. 

Example (2-ply yarn).— Find the weight of 12,600 yards of 2/40's worsted. 11,200-^16=700 
12,600-^700=18. 

Answer. — 12,600 yards of 2/40's worsted weigh 18 oz. 

Example (3-ply yarn).— Find the weight of 12,600 yards of 3/40's worsted. 7466f-^16= 
466f and 12,600^4661=12600^'-";^^= H?A''-^=27. 

Answer. — 12,600 yards of 3/40's worsted weigh 27 ounces. 

Rule for Finding the Weight in Pounds of a Given Number of Yards of 'Worsted Yarn 

of a Known Count. 

Divide the given yards by the number of yards of the known count required to balance 1 lb. 

Example (single yarn). — Find the Aveight of 1,260,000 yards of 40's worsted yarn, 40's worsted=: 
22,400 yds. to 1 lb. Thus, 1, 260,000 ^-22,400=56^ . - 

Answer. — 1,260,000 yds. of 40's worsted weigh 56 J lbs. 

Example (2-ply yarn). — Find the weight of 1,260,000 yards of 2/40's yarn. 2/40's worsted= 
11,200 yards to 1 lb. Thus, 1,260,000^11,200=1121 

Answer. — 1,260,000 yards of 2/40's worsted yarn weigh 112|- lbs. 

Example (3-ply yarn). — Find the weight of 1,260,000 yards of 3/40's worsted yarn. 3/40's 
worsted=7,467 yards to 1 lb. Hence, l,260,000-^-7,467=168f. 

Answer — 1,260,000 yards of 3/40's worsted yarn weigh 168| lbs. 

To Find the Equivalent Size in Single Yarn of Two, Three or More Ply Yarn Composed 

of Minor Threads of Unequal Counts. 

Worsted yarn is also occasionally manufactured in 2, 3, or more ply yarn in which the minor 
threads are of unequal counts ; if so the rules for finding the equivalent in a single yarn are similar to 
those given for cotton and woolen yarns. 

If the compound thread is composed of two minor threads of unequal counts, divide the product of 
the counts of the minor threads liy tlieir sum. 
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Example. — Find the equal in single yarn to a 2-fold thread composed of single 20's and 60's. 
20X60=1200^-80 (207f 60)=15. 

Answer. — A 2-fold worsted yarn composed of 20's and 60's equals a single 15's. 

If the compound thread is composed of 3 minor threads of unequal counts, compound any t«FO of 
the minor threads into one, and apply the rule given previously to this thread and the third minor 
thread not previously used. 

Example. — Find equal counts in a single thread to a 3-ply yarn composed of 20's, 40's, and 60's. 
20x40=800-^-60 (20+40) =l^. 13^X60=800^73^ (13^+60) =10i*. 

Answer. — A 3"-ply 20's, 40's, and 60's worsted thread equals in size a single lOiS's. 

These examples can be proved by the second rule, viz. : Divide one of the counts by itself and by 
the others in succession, and after this by the sum of the quotients. 

Example. — Find equal counts in a single thread to a 3-ply yarn composed of 60's, 40's and 20's 
worsted. 

60^60=1 

60^40=1J 60-^5J=10H. 

60-^20=3 

Answer. — A 3-ply 20's, 40's and 60's worsted thread equals in size a single lO^i's. 

SILK YARNS. 
A. Spun Silks. 

Spun silks are calculated as to the size of the thread, on the same basis as cotton (840 yards to 1 
hank), the number of hanks one pound requires indicating the counts. In the calculation of cotton, 
woolen or worsted, double and twist yarn, the custom is to consider it as twice as heavy as single ; thus 
double and twisted 40's (technically 2/40's) cotton, equals single 20's cotton for calculations. In the 
calculation of spun silk the single yarn equals the two-fold ; thus single 40's and two-fold 40's require 
the same number of hanks (40 hanks equal 33,600 yards). The technical indication of two-fold in 
spun silk is also correspondingly reversed if compared to cotton, wool and worsted yarn. In cotton, 
wool and worsted yarn the 2 indicating the two-fold is put in front of the counts indicating the size of 
the thread (2/40's)', while in indicating spun silk this point is reversed (40/2's), or in present example 
single 80's doubled to 40's. 

B. Raw Silks. 

The adopted custom of specifying the size of raw silk yarns is in giving the weight of the 1000 
yards hank in drams avoirdupois ; thus if one hank weighs 5 drams it is technically known as " 5 dram 
silk," and if it should weigh 8J drams it is technically known as " 8^ dram silk." As already men- 
tioned the length of the skeins is 1000 yards, except in fuller sizes where 1000 yard skeins would be 
rather bulky, and apt to cause waste in winding. Such are made into. skeins of 500 and 250 yards in 
length and their weight taken in proportion to the 1000 yards; thus if the skein made up into 500 
yards weighs 8 J drams, the silk would be 17-dram silk ; if a skein made up into 250 yards weighs 4 
drams the silk would be 16-dram silk. The size of yarn is always given for their "gum" weight; 
that is their condition " before boiling off," in which latter process yarns lose from 24 to 30 per cent, 
according to the class of raw silk used ; China silks losing the most and European and Japan silks the 
least. The following table shows the number of yards to the pound and ounce from 1 dram 
silk to 30 dram silk. The number of yards given per pound in the table is based on a pound of 
gum silk. 
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Length of Gum Silk Yarn per Pound and per Ounce. 

(From I dram to 30 drams.) 



Drams per 


Yards 


Yards 




Drams per 


Yards 


Yards 




Drams per 


Yards 


Yards 


1000 yards. 


per lb. 


per oz. 




1000 yards 


per lb. 


per oz. 




1000 yards. 


per lb. 


per oz. 


1 


256,000 


16,000 


5 


51,200 


3,200 


16 


16,000 


1,000 


3 '4 


204,800 


12,800 




5K 


46,545 


2,909 




17 


15,058 


941 


1"2 


170,666 


10,667 




6 


42,667 


2,667 




18 


14,222 


889 


iV 


146,286 


9143 




6'/z 


39,385 


2.462 




19 


• 13,474 


842 


2 


128,000 


8,000 




7 


36,571 


2,286 




20 


12,800 


800 


2'+ 


"3.777 


7,111 




7 'A 


34,133 


2,133 




21 


12,190 


762 


2'^ 


102,400 


6,400 




8 


32,000 


2,000 




22 


11,636 


727 


2 3,|- 


93,091 


5,818 




S'A 


30,118 


1,882 




23 


11,130 


696 


3 


85,333 


5,333 




9 


28,444 


1,778 




24 


10,667 


666 


i'4 


78,769 


4,923 




9'A 


26,947 


1,684 




25 


10, 240 


640 


y/2 


73,143 


4,571 




10 


25,600 


1,600 




26 


9,846 


615 


3h 


68,267 


4,267 




11 


23.273 


1,455 




27 


9,481 


592 


4 


64,000 


4,000 




12 


21,333 


1,333 




28 


9 143 


571 


4X 


60,235 


3,765 




13 


19,692 


1,231 




29 


8,827 


551 


4'A 


56,889 


3,556 




14 


18,286 


1,143 




30 


8,533 


533 


4H 


53,368 


3,368 




15 


17,067 


1,067 











LINEN YARNS. 

Linen yarns are graded, or have for their standard 300 yards to the hank or " lea," which is the 
same basis for calculations with reference to size, count, or diameter of thread, as the one given for the 
woolen yarn, viz., (cut system) ; hence, rules given for woolen yarn (cut system), will also apply to linen 
yarns by simply changing the denomination. 

Jute Yarns, Chinagrass and Ramie 

Are also graded similar to the woolen yarn (cut system), with 300 yards to the hank, the number of 
hanks required to balance 1 lb. indicating the size or count of the yarn. 



For Reproducing Fabrics in a Required Material From a Given Fabric Made Out of 
Another Material it is Often Necessary to Find the Equivalent Counts, Thus we Give 

Rules for Finding the Equivalent Counts of a Given Thread in 

Another Systenn. 



A. COTTON, WOOLEN AND WORSTED YARN. 

Rule. — The counts of a given thread are the counts of an equal thread (in size) of a different 
material, or a thread of the same material but figured after the different " standard " in the same pro- 
portion as the "standard number" of the one to be found is to the "standard number" of the one 
given. 

Example. — Cotton- Worsted. Find equal size in worsted yarn to 20's cotton yarn. 
(Cotton standard.) : (Worsted standard). 

840 : 560 =3:2 

Thus 20: x: : 2: 3 and 3x20=60^2=30. 
Aiiswer. — A thread of 20's cotton yarn equals (in size) a thread of 30's worsted yarn. 
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Example. — Cotton- Wool (run system). Find equal size in woolen yarn (runs) to lO's cotton 
yarn. 

(Cotton standard.) : (Run standard.) 

840 : 1,600 =21 : 40 

Thus 10:x: :40:21 and 21XlO=210-f-40=5i. 
Answer. — A thread of lO's cotton equals (in size) a thread of 6 J-run (wool). 

Example — Cotton- Wool (cut system). Find equal size in woolen yarn (cut basis) to lO's 
cotton yarn. 

(Cotton standard.) ; (Cut standard. ) 

840 : 300 = 14 : 5 

Thus 10:x:: 5:14 and 14x10=140-^5=28. 
Answer. — A thread of lO's cotton yarn equals (in size) a thread of 28-cut woolen yarn. 

Example. — 'Worsted- W^ool (run system). Find equal size in woolen yarn (run basis) to 
20's worsted yarn. 

(Worsted standard.) : (Run standard.) 

560 ; 1,600 =7.20 

Thus 20:x::20:7 and 7X20=140^20=7. 
Answer. — A thread of 20's worsted equals (in size) a thread of 7-run woolen yarn. 

Example.- — W^orsted-'Wool (cut system). Find equal size in woolen yarn (cut basis) to 15's 

worsted yarn. 

(Worsted standard.) : (Cut standard.) 

560 : 300 =28:15 

Thus l5:x:: 15:28 and 15X28=428^15=28. 
Answer. — A thread of 15's worsted equals (in size) a thread of 28-cut woolen yarn. 

^rcawip/e. ^-Worsted-Cotton. Find equal size in cotton yarn to 30's worsted. 

30:x :: 3:2and 30x2=60-f-3=20. 
Answer. — A thread of 30's worsted equals (in size) a thread of 20 s cotton yarn. 

Example. — Wool (run system) -Cotton. Find equal size in cotton yarn to a 5J-run woolen 

yarn 

5.25:x:: 21:40 and 5.25x40=210-:-21=10. 

Answer. — A 6^-run woolen yarn equals (in size) a lO's cotton yarn. 

Example. — Wool (run system) -W^orsted. Find equal size in worsted yard to a 7-run woolen 

yarn. 

7:x:: 7:20 and 7X2=140^7=20. 

Answer. — A 7-run woolen yarn equals in size a 20's worsted yarn. 

. Example. — Wool (run system) -Wool (cut system). Find equal size in the cut basis for a 6- 

run woolen thread. 

6:x::3:16 and 6X16=96-^3=32. 

ATiswer. — A 6-run woolen thread equals (in size) a 32-cut thread of the same material. 

Example. — Wool (cut system) -Cotton. Find equal size of cotton yarn to a 28-cut woolen yarn. 

28:x:: 14:5 and 5X28=140^14=10. 
Answer. — A 28-cut woolen yarn equals (in size) a lO's cotton yarn. 
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Example. — ^Vool (cut system) -Worsted. Find equal size worsted yarn to a 28-cut woolen 
yarn. 

28:x:: 28:15 and 28X15=420-^28=15. 
Answer. — A 2S-cut woolen yarn equals (in size) a 15's worsted yarn. 

Example. — ^A^ool (cut system) -Wool (run system). Find equal size of the run basis for a 32- 
cut woolen yarn. 

32:x:: 16:3 and 3X32=96-^16=6. 
jlriswe?-. — A 32-cut woolen yarn equals (in size) a 6-run woolen yarn. 

B. SPUN SILK YARNS COMPARED TO COTTON, WOOLEN 
OR WORSTED YARNS. 

As. already stated in a previous chapter the basis of spun silk is the same as that of cotton; 
therefore the rules and examples given under the heading of "Cotton" refer at the same time to spun 
silk. 

C. LINEN YARNS, JUTE AND RAMIE. 

These yarns have the same standard of grading as woolen yarn (cut system) ; thus examples given 
under the latter basis will also apply to the present kind of yarns. 

D. RAW^ SILK YARNS COMPARED TO SPUN SILK, COTTON, WOOLEN OR 

"WORSTED YARNS. 

Rule. — Find the number of yards per pound (in table previously given) in raw silk and divide 
the same by the standard size of the yarn basis to be compared with. 

Example. — Raw Silk-Cotton (or spun silk). Find equal size in cotton yarn to 9-dram raw 
silk. 9-dram raw silk=28,444 yds. per lb. Thus 28,444^-840 (cotton standard)=33f. 
Answer. — 2-dram raw silk equals (nearly) 34's cotton. 

Or if calculating- without a table proceed as follows: 1 lb.=16 oz. 1 oz.=16 drams. Thus 
16 X 16=256 drams per lb. 

(Counts given.) ; (Yards in i hank.) (Drams per lb.) (Yards per lb. ) 

9 : 1000 :: 256 : x 

256X1000=256,000^9=28,444* yds. per lb. of 9 drams raw silk. 
(Yards per lb. ) ; ; (Basis of yarn to compare with.) 

28,444 H- 840 =33^ 

being with the same result as before. 

Example. — Spun Silk or Cotton to Raw Silk. Find equal size in raw silk to 38's cotton. 
38's cotton^38X 840) 31,920 yds. per lb. Eeferto previously given table for raw silk, where you 
will find 8 drams to equal 32,000 yards per lb. 

Answer. — A 38's cotton thread equals (nearly) an 8-dramraw silk thread. 

Or if calculating without table find result by : 

Rule. — Divide the standard measure (number of yards per lb.) of the given yarn by 1000 (yards 
in one hank) and the quotient thus obtained into 256. (drams in 1 lb.) 

Example. — Find the answer by this rule for previously given question. 38'.s cotton=31,920 
yards. Thus 3I,920-:-1000=31.92 and 256-f-31.92=8.02. 

Answer. — A 38's cotton thread equals (nearly) an 8-dram raw silk thread. 
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Ascertaining the Counts of Twisted Threads Composed of 

Different Materials. 



The above question may often arise when manufacturing fancy yarns and of which it is requisite 
to know the compound size for future calculations. 

RULE A.— If the compound thread is composed of two minor threads of different 
materials, one must be reduced to the relative basis of the other thread and the resulting count found 
in this system. 

Example. — Find equal counts in a single worsted thread to a 2-ply thread composed of 30's 
worsted and 40's cotton yarn. 

40's cotton=60's worsted. Thus, 30X60=1800-f-90 (30+60)=20. 
Answer. — Compound thread given in example equals a single 20's worsted thread. 

Example. — Find the equal counts in single cotton yarn to a 2-ply thread composed of single 30's 
worsted and 40's cotton yarn. 

30's worsted=20's cotton. Thus, 40 X 20=800^60 (40+20)=13J. 
Answer. — Compound thread given in example equals a single cotton thread of number 13^. 

Example. — Find the equal counts in single woolen yarn (run basis) to a 2-ply thread composed of 
single 20's cotton yarn and 6-run woolen yarn. 

20's cotton=10i-run woolen yarn. Thus, 10|-X 6=63-^161 (10i+6)=3T°T. 
Answer. — Compound thread given in example equals a single woolen thread of 3TTr-run. 

Example. — Find the equal counts in single woolen yarn (cut basis) to a 2-ply thread composed of 
single 40's cotton and 28-cut woolen yarn. 

40's cotton=112-cut. Thus, 28X112=3136^-140 (28-|-112)=22A. 
Answer. — Compound thread given in example equals a single woolen yarn of 22|-cut. 

Example. — Find the equal counts in single worsted yarn to a 2-ply thread composed of single 20's 
worsted and 60's spun silk. 60's silk=90's worsted. Thus, 20X90=1800-^110 (20 + 90) 16A. 
Answer. — Compound thread given in example equals a single 16A's worsted. 

RULE B. — If the compound thread is composed of three minor threads of two or 
three different materials, they must by means of their relative length be transferred in one basis 
and the resulting count found in this system. 

Example. — Find equal counts in single woolen yarn, run basis, for the following compound thread 
composed of a 3-run, a 6-run woolen thread, and a single 20's cotton twisted together. 

3X6=18^9 (3+6)=2. 
(3-run and-6 run threads compounded, equal a single 2-run thread.) 
20's cotton equals lOi-run, thus 2Xl0i=21^12i (2+101) =1H. 

Answer. — The three-fold thread given in example equals in count a single woolen yarn of 14i 
(nearly If) run. 

The previously given example may also be solved as follows : — 20's cotton=10J-run woolen yarn, 
thus, 

10i^lOi=l 

lOJ^ 6 =lf 10J-^6i==lH. 

101^ 3 =3i 

6i _ 

Answer. — A 3-run, a 6-run woolen thread, and a single 20's cotton twisted together equal in size 
a iH-run woolen thread. 
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Ascertaining the Counts for a Minor Thread to Produce, with 

Other Given Minor Threads, Two, Three, or More 

Ply Yarn of a Given Count. 



A. ONE SYSTEM OF YARN. 

In some instances it may be required that the compound thread produced out of two, three, or 
more, minor threads must be of a certain count. We may be requested to twist with a minor thread 
of a given count a minor thread of unknown count (to be ascertained) ; both threads to produce a com- 
pound thread of known count. If such is the case proceed after the following Rule : Multiply the 
counts of the given single thread by the counts of the compound thread, and divide the product by the 
remainder obtained by subtracting the counts of the compound threads from the counts of the given 
single thread. 

Example. — Find size of single yarn required (run basis) to produce with a 4-run woolen yarn a 
compound thread of 3-run. 4x3=12-^1(4 — 3)=12. 

Answer. — The minor thread required in the present example is a 12-run thread, or a 4-run and 
a 1 2-run woolen thread compounded into a 2-fold yarn, are equal in counts to a 3-run single woolen 
thread. 

Proof. — 4Xl2=48-Hl6=3-run, or compound thread, as required. 

Example. — Find size of single yarn required (worsted numbers) to produce with a 48's worsted 
thread a compound thread the equal of 16's worsted yarn. 48Xl6=768-=-32(48 — 16)= 24. 

Answer. — The minor thread required in the present example is a 24's worsted thread, or a 48's 
worsted thread and a 24's worsted thread compounded into a two-fold yarn, are equal in counts to a 
single 16's worsted thread. 

Proof. — 48X24=1152-=-72=16's worsted or compounded size required. 

Example. — Find size of single yarn required (cotton numbers) to produce with an 80's cotton 
thread a 2-fold yarn of a compound size of equal 30's cotton yarn. 80X30=2400-;-50(80 — 30)=48. 

Ansiver. — The minor thread required in the present example is a 48's cotton thread compounded 
into a 2-fold yarn equal in this compound size to a single 30's cotton thread. 

Proof. — 80X48=3840-^128=:30's cotton, or compound size required. 

If one of the minor threads is to be found for a 3-ply thread of which two minor threads are 
known, use the following Rule : Compound the two minor threads given into their equal in a single 
thread, and solve the question by the previously given rule. 

Example. — Find minor thread required to produce with single 30's and single 60's worsted a 3- 
ply yarn to equal single 12's worsted. 60's and 30's worsted compound =(60x30=1800^90-(60+ 
30)=20) single 20's worsted. 

Thus 20 X 12 =240-^8 (20 — 12) =30 

{Compound two minor ■) f t7-„ „„,„„;,<. „f ") f Compound two minor") f„ ■ r ^ 

threads of which \ X \^''°C-.tfn [ threads of which — ^^^f^" «i^e of 3- I 

size is known. ) ( Ply y^™- J ( size is known. J \ P^y y^m. | 

Answer. — The size of the third minor required to be ascertained in the given example is single 
30's worsted yarn, or a 3-ply thread composed of single 30's, 60's, and 30's worsted yarn equals single 
12's worsted counts as shown by the 

Proof.— 60 ^ 60 = 1 

60 -^ 30 = 2 60^5=1 2's worsted. 

60 H- 30 = 2 
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B. TWO SYSTEMS OF YARNS. 

In the manufacture of fancy yarns we may be called on to select the proper minor thread required 
in another material. This, however, will not change previously given rules, for after finding the counts 
in the given system we only have to transfer the same to the required system. 

Example (2-ply yarn). — Find the size of single worsted yarn required to produce with an 8-ruu 
woolen yarn a compound thread of 6-run yarn. 

8x6=48-^2(8 — 6):=24-run woolen yarn required. 
24-run woolen yarn=38,400 yards per lb. and 38,400-H560=68i 
Answer. — The single worsted thread required in given example is 68f's. 

Example (3-ply yarn). — Find the size of the spun silk required to produce with a 40's and 60'3 
worsted a 3-ply yarn of equal count to single 12's worsted. 40 X 60=2,400-;- 100 (40-(-60)=24=com- 
pound size of 40's and 60's. 24X12=288h-12 (24 — 12)=24's worsted size required to be trans- 
ferred in spun silk. 

24X560=13,440-4-840=16 

Answer. — 16'sspun silk is required in present example. 



Ascertaining tlie Amount of IVlaterial Required for Each Minor 
Thread in Laying Out Lots for Two, Three, or IVIore Ply Yarn. 



A. DOUBLE AND TAA^IST YARN. 

Composed of Minor Threads of the Same Material. 

For producing a certain amount of fancy double and twist yarn it is necessary to ascertain the 
amount of stock required for each minor thread. This question will readily be solved by — 

Rule. — The sum of both counts is to the one of the counts, in the same proportion as the amount 
of double and twist yarn required is to the amount of the yarn required for producing the other minor 
thread. 

Example. — Find araount of material required for each minor thread for producing 1000 lbs. of 
double and twist yarn made out of 6 and 7-run minor threads. 

(64-7)=13:6:: 1,000: X 
(6-t-7)=13:7:: 1,000 :x 
6 X 1,000=6,000-^13=461A 
7Xl,000=7,000-f-13=538A 



1,000 
Answer. — In previously given example the following amount of yarn (of minor threads) is 
required : — 461A lbs. of 7-run yarn. 
536A " " 6-run yarn. 
Proof.— 461A lbs. of 7-run yarn=(46lTVX 11,200)=5,169,230U yds. 

538A lbs. of 6-run yarn=(538TVX 9,600)=5,169,230H yds. 

Example. — Find amount of material required for each minor thread for producing 250 lbs. of 
double and twist yarn made out of 32's and 40's worsted for the minor threads. 

(32-|-40)=72:32::250:x 

(32+40)=72:40::250:x 

32X250= 8,000H-72=llli 

40 X 250= 10,000-^72=138! 

250 
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Answer. — For producing 250 lbs. of double and twist worsted yam composed of 32's and 40's 
for minor threads, 

llli lbs. of 40's and 1381 lbs. of 32's are required. 
Proof.— llUlbs. of 40's worsted equal (111JX22,400)=2,488,888I yds. 

1381 lbs. of 32's worsted equal (138IX17,920)=2,488,888I yds. 

Example. — Find amount of material required for each minor thread for producing 1,000 lbs. of 
double and twist cotton yarn made with 60's and 80's for minor threads. 

(60 + 80) = 140 : 60 :: 1,000 : x 
(60 + 80) = 140 : 80 :: 1,000 : x 

60 X 1,000 = 60,000 -^ 140 = 428* 

80 X 1,000 = 80,000 -I- 140 = 571f 



1,000 
Answer. — For producing 1,000 lbs. of double and twist cotton yarn made out of single 60's and 
80's the following amount of each are required : 

428f lbs. of 80's 
5711 lbs. of 60's 
Proof.— 428f lbs. of 80's cotton equal (428f X 67,200)=28,800,000 yards. 

5711 lbs. of 60's cotton equal (571f X50,400)=28,800,000 yards. 

Composed of Minor Threads of Different Materials. 

If the minor threads are of different materials transfer either one to the relative length of the 
other, and solve example by. previously given rule. 

Example. — Find amount of material required for each minor thread to produce 100 lbs. double 
and twist yarn made out of 40-cut woolen yarn and 60's spun silk. 
60's spun silk equals 168-cut. Thus, 

(40 + 168) = 208 : 40 :: 100 : x 
(40 + 168) = 208 : 168 :: 100 : x 

40 X 100 = 4,000 ^ 208 = 19A 
168 X 100 = 16,800 -^ 208 = 80f? 



100 
Answe): — To produce 100 lbs. of double and twist yarn as mentioned in examplejlOA lbs. of 
60'» spun silk and 80H lbs. of 40- cut woolen yarn are required. 

Proof— 19A lbs. of 60's spun silk equal to (19AX50,400)=969,230i:l yards. 

8011 lbs. of 40-cut woolen yarn equal (80HX12,000)=969,2301f yards. 

As already mentioned in a previous chapter, if twisting silk yarn with a woolen yarn the former 
thread will twist proportionately more around the latter, thus we must add an allowance for it to the 
silk yarn, which in turn we must deduct from the woolen yarn. But as this difference (or allowance) 
is regulated by the turns of twist per inch, also the tension of the yarn when twisting it will vary (as 
litrle as it will be) in each different d & tw. yarn ; but will be readily ascertained by the manufacturer 
in his practical work. 

B. THREE-PLY YARN. 

Composed of Minor Threads of the Same Material. 

Sometimes it may be required to find the amount of material for each minor thread for a given 
weight of a 3-ply yarn. If so the example must be solved by 
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Rule. — Transfer the given three counts to their equivalent in a single thread and find number of 
yards required to balance given weight. Afterwards divide each standard (number of yards necessary 
to balance 1 lb.) of the three given rdinor threads in the number of yards required, the result being 
pounds necessary for each count. 

Example. — Find amount of material required for each minor thread for 100 lbs. of 3-ply yarn, 
produced out of 5, 6 and 7-run woolen yarn for the minor threads. 
5, 6, and 7-run. 
7-^7=1 
7h-6=1A 
7h-5=1H 

3tJ 7h-3H=1t^7 equivalent count in a single thread for 5, 6 and 7-run. 
li§fXl,600=3,140T¥7 yards per lb., XlOO lbs. (total amount of yarn wanted) =314,018t'/7 total 
number of yards of 3-ply yarn required. 

314,018-f- 8,000 (Standard for 5-run)=39.25 
314,018-T- 9,600 (Standard for 6-run)=:32.71 
314,01 8 H-1 1,200 (Standard for 7-run)=28.04 

100.00 
Answer. — The amount of yarn for each minor thread in given example is as follows: 

39.25 lbs. of 5-run woolen yam. 
32.71 lbs. of 6-run woolen yarn. 
28.04 lbs. of 7-run woolen yarn. 

100 lbs. Total amount of yarn wanted. 

Composed of Minor Threads of Different Materials. 

If in a 3-ply yarn one of the minor threads is of a different material (compared to the other two), 
transfer this thread to its equivalent count of the other basis, and solve example by previously given rule. 

Example. — Find amount of material required to produce 1,000 lbs. of 3-ply yarn made out of BO'S 
worsted, 45's worsted and 60's spun silk. 

60's spun silk equals 90's worsted yarn, thus : 
30 — 45—90 90-h90=1 

90-h45=2 90-i-6=15's equivalent count in single thread. 

90h-.30=3 

6 
15 X 560=8,400 yards per lb. X 1,000 lbs. (total amount of yarn wanted) =8,400,000 total number 
of yards of 3-ply yarn required. 

8,400,000-=-16,800 (Standard for 30's worsted)=500.00 
8,400,000h-25,200 (Standard for 45's worsted)=333.33+(^) 
8,400,000-^-50,400 (Standard for 90's worsted)=166.66 + (i) 



lOOO-.OO 
Answer. — The amount for each minor thread in given example is as follows ; 

500 lbs. of 30's worsted. 
333J lbs. of 45's worsted. 
166f lbs. of 60's spun silk. 

1,000 lbs. Total amount of yarn wanted. 
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Ascertaining the Cost of Two, Three, or More Ply Yarn. 



COMPOSED EITHER OF DIFFERENT QUALITIES (AS TO PRICE) OF YARN 

ONLY, OR OF THE LATTER ITEM IN ADDITION TO DIFFERENT 

COUNTS OF THE MINOR THREADS. 

If a 2-ply yarn is composed of minor threads of equal counts, but different qualities, (as to cost) 
the average between the two prices will be the cost of the 2-ply thread. 

Example. — Find the price for 2/40's worsted composed of minor threads worth respectively $1.00 
and S1.36. 

$1.00+$1.36=$2.36^2=|1.18. 

Answer. — The price of the yarn in question is $L18 per pound. 

By means of the average we will also find the price for a three or more ply yarn provided the 
counts of each minor thread are the same. 

Example. — Find the price for a 3-ply yarn composed of minor threads of equal counts, but costing 
respectively 60 cts., 80 cts. and $1.00 per pound. 

$0.60-|-$0.80+$1.00=$2.40^3=$0.80. 

Answer. — The price for the yarn in question is 80 cents. 

If a 2-ply yarn is composed of minor threads of unequal counts as well as of different price we 
must find the cost per pound of the compound thread by — 

Rule. — Multiply each count by the price of the other yarn, next divide the sum of the products 
by the sum of the counts. 

Example. — Find cost per pound for 2-ply yarn composed of 32's and 40's worsted. The price of 
the 32's to be $1.04 and that of the 40's $1.60. 

40X$1.04=$41.60 _* t 

32 X 1.60= 51.20 $92.80^72— $1,281 



72 $92.80 

Answer. — The price for the yarn in question is $1,281 or nearly $1.29. 

Proo/.— 40's and 32's. 

40x32=l,280-;-72(40-|-32)=i7J compound size of thread. 

171X560^9,957 standard number of yards in compound thread, or number of yards of each 

minor thread required. 

40's worsted = 22,400 yards per lb. 

32's worsted = 17,920 yards per lb., thus: 

9 957 V 1 60 
22,400 : 1.60 ; : 9,957 : x or ' ^^ ^qq =$0.7112— = 71.12 cents. 

17,920:1.04:: 9,957 :x or ''^^^ll^ = $0.5777— = 57.77 " 



Answer.— 126t\\ cents = $1.29. 

If one of the minor threads is of a different material than the other, reduce the one 
thread to its equivalent counts in the basis of the other and find the cost per pound of compound yarn 
by previously given rule. 

Example. — Find cost per pound for 2-ply fancy cassimere yarn, composed of 5-run woolen yarn 
and 40's cotton yarn for minor threads. Value of the single woolen yarn 86 cents per pound, and 
value of the cotton yarn 36 cents. 
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40's cotton equals 21 -run woolen yarn thus : 

5-run at 86 cents, and 21-run at 36 cents. 

5X36= 180 iQ8fl.9fl 7fiQ« 

21X86=1,806 1,986-^26=76.38 



26 1,986 

Answer. — The price of given 2-ply fancy cassimere yarn is 76Ms cents (or about 76|^ cents.) 

Proof. — 5 and 21-run. 

5 X 21— 105-f-26(5-j-21)=42V compound size. 
42^6 X 1,600= 6,461.5 yards length of each minor thread. 
5 run = 8,000 yards per lb. 

21 " =33,600 " " " thus: 

8,000:86:: 6,461.5: x or 86X 6,461.5 ^ 69.46 cents. 

' 8,000 

33,600:36:: 6,461.5: x or 36X6,461.5 ^ 6.92 cents. 
' ' 33,600 

Answer. — 76x77 cents. 

If a 3-ply yarn is composed of minor threads of unequal counts as well as of a differ- 
ent price, we must find the cost of the compound yarn by 

Rule. — Find average price and compound counts between any two minor threads given, and after- 
wards proceed in the same manner between the respective results and the third minor thread. 

Example. — Find cost per pound of 3-pIy fancy yarn composed of the following minor threads : 
60's worsted costing $2.00 per pound ; 40's worsted costing |1.50 per pound ; and 30's worsted costing 
$1.00 per pound. 

60's at $2.00. 40's at $1.50 

60X1.50=90 170.00^100=1.70. 

40X2.00=80 



100 170.00 

$1.70 average price between 60's worsted at $2.00, and 40's at $1.50. 

•60 X40=2,400-^100 (60+40)=24. 24's worsted compound counts for 60's and 40's worsted ; thus : 

24's worsted at $1.70. 30's worsted at $1.00. 

24X1.00=24.00 75.00^54=1.3888. 

30X1.70=51.00 



54 75.00 

Answer. — The price for the 3-ply yarn given in the example is $1.3888 or nearly $1.39. 
Proof.— 60's, 40's and 30's worsted. 

60^60=1 

60-4-40=11 

60h-30=2 

4J 60-^4J=13|^'s worsted compound counts for 60's, 40's and SO's, 

13^ worsted=13jX560=7,466f yards per pound. 

60's worsted=33,600 yards per lb. at $2.00 
40's worsted=22,400 yards per lb. at $1.50 
30's worsted=16,800 yards per lb. at $1.00 
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33,600:2.00:: 7,4665: x?:^|^^g^ = $0.4444 

22,400:1.50:: 7,4661: x ^^^^ = -^O-^OOO 

16,800:1.00:: 7,4661: x ^^^^^^ = ^^-^-^^^ 

Answer:— 81.3888 
Answer. — The price as found before (Si. 38) is correct. 

If a 3-ply yarn is composed of minor threads of different materials as well as different 
prices, and we must find the cost per pound for the compound yarn, reduce the different counts to 
their equivalent counts in one basis and find the result by previously given rule. 



To Find the Mean or Average Value of Yarns of Mixed Stocks. 



In the manufacture of mixed yarns wools of different price are frequently mixed together. 
To ascertain the medium price of a mixture when the price and quantity of each ingredient 
are given, use — 

Rvle. — Divide the cost of all the ingredients by the sum of the quantities mixed, the quotient will 
be the average value. 

Eisample. — Find the mean or average value of the following wool mixture: 

160 lbs. costing 75/ per lb. 
160 " " 86/ " " 

40 " " 11.10 " " 

40 " " 1.16 " " 

400 lbs. total amount of wool used in this lot 

75/X160 lbs.=$120.00 

85/X160 lbs.= 136.00 
§1.10 X 40 lbs.== 44.00 
$1.16 X 401bs.= 46.40 



400 lbs. 1346.40 
(Cost of all the Ingredients.) (Sum of the Quantities.) 

§346.40 -f- 400 lbs. =§0.866 

Answer. — The value of the wool mixture is 86i%/ per lb. 

Example. — Find the value j)er lb. for the following mixture of wool. 

680 lbs. costing 65/ per lb. 

300 " " 68/ " " 

20 " " 98/ " " 



1,000 lbs. in lot. 
65/X680=$442.00 

68<'X300= 204.00 |665.60-5-l,000=$0.6656 

98/ X 20= 19.60 



$665.60 
Ansioer. — Wool mixture in question is worth 66^(r/ per lb. 



60 
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Another question frequently appearing in the mixing of lots for the manufacture of "Mixed 
Yarns" is — 

To Find the Quantity of Each Kind of Wool to Use in a Mixture of a Given Value. 

In such a mixture the total loss on the kinds of wool used of the several prices or qualities must 
jqual the total gain. 

Rule. — Arrange the prices of the diiferent kinds of wool, we have at our disposal, in a vertical 
column with the mean price at the left. Next find the gain or loss on one unit of each ; take such an 
additional portion of any as will make the losses balance the gains or vice versa. 

Example. — Two kinds of wool at respective values of 56/ and 63/ per pound are required to be 
mixed to produce a mixture worth 60/. Find quantities of each kind wanted. 

56+4X1 =4 gain. 
63—3x1^=4 loss. 

Answer. — 1 part of the wool costing 56/ and 

1^ " " " " 63/ are required for 

2^ parts to produce a mixture of the required value of 60/. 
Proof.— 1 lb. @ 56/==56/ 

H " @63/=84/ 

2 J 140/ 

140X3 
140-i-2|^=140-j-f= — s =420-^7=60/ average price of mixture per lb. 

Example — Three different qualities of wool at respective values of 60/, 68/ and 70/ per lb. are 
required to be mixed to produce a mixture worth 64/ per lb. Find quantities of each kind required. 

70—6X1 =6 
64 68—4X1 ==4_ 10/ loss. 
60+4x21= 10/ gain. 

Answer. — To produce mixture of a value of 64/ per lb., use — 

1 part from the wool costing 70/ 
1 part from the wool costing 68/ 
2J parts from the wool costing 60/ in 



Proof.- 



' 4J lbs. 288/ 

288-^4.5=64/ average price of mixture per lb. 

Example. — Four different qualities of wool at respective values of 80/, 85/, 96/ and 98/ per lb. 
are required to be mixed to produce a mixture worth 92/. Find quantities of each kind required, 

80+12x1 =12 
85+ 7X1 =_7 19/ gain. 
92 9e_ 4x1 -Tl 

98— 6x2i— 15 19/ loss. 



4i 


parts. 




1 
1 

^ 


lb. @ 70/= 
" @ 68/= 
« @ 60/= 


= 70/ 
= 68/ 
=150/ 
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Answer. — To produce mixture of wool of a value of 92'' use — 

1 part of the wool costing 80/ 
1 part of the wool costing '85 

1 part of the wool costing 92 

2 J parts of the wool costing 98 in 



Proof. — 





51 


parts. 




1 


lb. 


@ 


80/= 


= 80/ 


1 


lb. 


(«'. 


85 = 


= 85 


1 


lb. 


(«i 


96 = 


= 96 


2J lbs. frt 


98 = 


=245 


H 


lbs 






506/ 



506'' -^5.5=92/ being the average price of mixture per lb. 
Another question frequently arising in laying out " wool-lots " is — 

To Find the Quantity of Each Kind to Use When the Quantity of One Kind, the Different 
Prices of Each Kind and the Prices of the Mixture, are Given. 

Example. — What quantity of each kind of wool costing 60/, 80/ and 90/ must be mixed with 20 
lbs. at 71/ so as to bring the mixture to a value of 75/ per lb. 

/ / lbs. 
60-I-15X 1=15/ 
71+ 4X20=80 

— 95/ gain. 
80— 5X 1—5/ 
90— 15X 6—90 

— 95/ loss. 

28 
Answer. — Use 1 part or lb. of the wool costing 60/ 

20 parts or lbs. " " " 71 

1 part or lb. " " " 80 

6 parts or lbs. " " " 90 



75, 



Proof.- 



28 parts or lbs. Mixture so as to bring the price of the latter to 75/ per lb. 

1 lb. @ 60/= 60/ 

20 lbs. @ 71 =1,420 

1 lb. @ 80 = 8 

6 lbs. @ 90 = 540 or 



28 lbs. at 2,100/. Hence 2,100/-;-28=75/ average price of mixture per lb. 

Example. — Having four different lots of wool at respective values of 70/, 74/, 82 ^^ and 84*<' on 
hand, how many lbs. of each kind must we use to make up a lot of 500 lbs. costing lis 78/ per lb. 

70+ 8X1 =8 



78 



74 + 


4X1 


=4 


82— 
84— 


4X1J 
6X1 


=6 
=6 



— 12/ gain. 



— 12/ loss. 



^ 
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500^-4J=llli. 








1X11U=11U 


lbs. @ 70 




1X111^=1111 


" @ 74 




lXllU=16-6f 


" @ 82 




1X11U=111I 


" @ 84 



500 lbs. 

Ansioer. — We must use 111^ lbs. of the lot valued at 70/ per lb. 

llli " " " " 74 " 

166f " " " " 82 " 

IIU " " " " 84 " 



to make up a lot of 500 lbs. at a value of 78/ per lb. 

Proof.— 11UX70/=|77.774 

111^X74 = 82.221 
1661X82 =136.661 
llliX84 = 92.331 



$390.00— and 600 lbs. at 78/ = also $390.00. 



Reed Calculations. 



The reed is named by numbers, the number in each case indicating how many splits are in each inch, 
Thus a number 8-reed means a reed with 8 splits in every inch over the required width. If we 
<!all for number 16J-reed, we want a reed having 16|- splits in one inch, equal to 33 dents in every 2 
inches over the entire width of the fabric. Whole numbers or half numbers alone are used for grading 
of reeds. 

Example. — Suppose we have a number 9-reed, four threads in one split or dent, how many 
ends are in one inch ? How many are in full warp if 70 inches wide in reed ? 
Answer. — 9 X 4=36 ends, of warp in one inch. 

X 70 width of warp in reed. 

2,620 ends in warp. 

Rule for ascertaining the number of ends in the warp if the reed number, the threads 
per dent and the width of the warp in the reed are known : Multiply the reed number by the 
threads per dent and multiply the result by the width of the warp in reed. 

Example. — How many ends are in the warp if using 13|-reed, 6 threads per dent, 80 inches wide 
in reed ? 

131X6=81X80=6,480. 

Answer. — 6,480 ends are in warp. 

Rule for ascertaining the reed number, if the number of ends in the warp and the width 
in the reed are known, the threads'per dent, either given or to be selected, according to the 
fabric : Divide the number of ends in the warp by the width in the reed, which gives the number of 
threads per inch ; divide this result again by the number of threads in one dent according to the weave 
or pattern required, the answer being the reed (number) required. 
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Example. — 6,480 ends in warp, 80 inches wide in reed. Hoav many ends per inch and what reed is 
required if 6 ends per dent are to be used ? 

6,480-=-80=81-4-6=l 3|. 

Answe): — 81 ends per inch and 13J is the reed number required. 

Rule for ascertaining the width of the warp in the reed if the reed number, the threads 
per dent, and the number of threads in the -warp are known : Divide the number of ends in 
the warp by the number of ends per inch, giving as the result the number of inches the warp will 
be in the reed. 

Example. — Find width in reed for fabric made with 3,600 ends in warp, reeded 3 threads per dent 
in a number 12-reed. 

12X3=36 3,600^36=100. 

Answer. — The width of the fabric in reed is 100 inches. 

Example. — Find width in reed for fabric made with 4,752 ends in warp, reeded 4 threads per 
dent in a number 16J-reed. 

161X4=66 4,752^-66=72 

Answer. — The width of the fabric in reed is 72 inches. 

The number of ends to put in one dent has to be regulated according to the fabric and the weave. 
Experience is the only guide for this. The coarser the reed, to a certain extent, the easier the picks go 
into the fabric. The finer the reed, the smoother the goods, and with perfect reeds, the less reed marks. 

The same number of ends are not always used in each dent, but in such a case the preceding rules 
may be used with the avei-f^e number of threads per dent. 

Example. — What are the threads per inch ? Reed number 20, using one dent, 4 ends — one dent 

5 ends. 

(Average threads per dent.) (Number of reed.) 

4+5=9^2 = 4J X 20 =-: 90 

Answer. — 90 threads per inch. 

Example. — What are the threads per inch ? Reed number 18, using 1 dent, 3 ends — 1 dent, 4 
ends — 1 dent, 3 ends — 1 dent, 6 ends. 

(Threads in four dents.) (Average thread per dent) (Number of reed.) 

3+4+3+6 = 16 H- 4 X 18 = 72 

ATiswer. — 72 threads per inch. 

Sometimes it happens that the average number of threads includes an inconvenient fraction. To 
avoid a calculation with this fraction, multiply the sum of the contents of the dents by the dents per 
inch, and then divide by the dents per set. 

Example. — What are the threads per inch, warp reeded as follows in number 12-reed : 1 dent, 5 
threads^l dent, 3 threads — 1 dent, 3 threads. 

3+3+5=11 X12=132-f- 3=44. 
Answer. — 44 threads per inch. 

Example. — What are the threads per inch, warp reeded as follows in a number 15-reed : — 1 dent, 
4 threads — 1 dent, 4 threads — 1 dent 5 threads. 

4+4+5=13x15=195-^3=65 
Answer. — 65 threads per inch. 
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Warp Calculations. 

TO FIND WEIGHT OF WARP IF NUMBER OF ENDS, COUNTS AND LENGTH 

ARE GIVEN. 

Multiply number of ends in the width of the cloth by yards in length (dressed), and divide pro- 
duct by the number of yards of the given count per pound. 

Example. — Cotton Yarn. Find weight of warp, 50 yards long, 2,800 ends, single 40's cotton in 
warp. 

2,800 X 50=140,000 yards. 40X840=33,600 yards per lb. in 40's cotton. 

140,000 -^33,600=4i 

Answer. — The weight of the warp in the present example is 4i lbs. 

Example. — W^oolen Yarn (run system). Find weight of warp, 40 yards long, 3,600 ends, 4^- 
run woolen yarn. ^ 

3,600X40=144,000 yards. 4i-run=7,200 yards. 144,000-^7,200=20. 

Answer. — The weight of the warp in present example is 20 lbs. 

Example — 'Woolen Yarn (cut system). Find weight of warp, 45 yards long, 4,800 ends, 32-cut 
woolen yarn. 

4,800X45=216,000 yards. 32-cut=9,600 yards. 216,000^9,600=221 

Answer. — The weight of the warp in the present example is 22^ lbs. 

Example. — ^A^o^sted Yarn. Find we'ight of warp, 60 yards long, 6,000 ends, 2/60's worsted yarn. 

2/gO's worsted=16,800 yards. 6,000X60=360,000 yards. 360,000-^16,800=21f. 
Answer. — The weight of the warp in present example is 21f lbs. 

If t-wo or more different kinds of yarn are used, ascertain number of threads in warp for each 
kind by proportion, and solve answer (for each kind) by previously given rule. 

Example. — Find weight of warp, 50 yards long, 6,000 ends. 

Dressed. — 2 ends 2/60's worsted. 
1 end 2/50's cotton. 

3 ends in repeat. 
6,000^3=2,000 

2,000X2=4,000 ends 2/60's worsted in warp. 
2,000X1=2,000 ends 2/50's cotton in warp. 

6,000, complete number of ends in warp. 

4,000X50=200,000 yards. 2/60's worsted=l 6,800 yards. 200,000-;-16,800=llM. 
2,000X50=100,000 2/50's cotton=21,000 yards. 100,000^21,000=4M 

Answer. — The weights of the warp in present example are : 

1 1 M lbs. of 2/60's worsted, 
4if " " 2/50's cotton. 



16it lbs.^l6f lbs. total weight of both kinds of yarn. 
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Example. — Find weight of warp for each kind of yarn separately in the following example: 



Lengths of warp 50 yards. 
Dressing. — 4 ends 4-rnii woolen yarn 



4 
4 
4 
16 
2 
2 
2 

9 



4 
4 
4 

4 
4 
4 
4 
4 
4 



Number of ends 4,800. 
blue 
black 
brown 
black 
olive mix 
blue 
black 
brown 
black 
olive mix 



48 threads in repeat of pattern. 
(Number of ends in warp.) (Threads in one repeat of pattern.) 



4,800 



48 



(Number of repeats of patterns in warp.)- 

100 



Ends of each kind 
of yarn iu one pattern. 


1 


X 


1 Number of repeats 
1 of patterns in warp 


} 


= 


1 Threads of each 
1 kind of yarn in full warp 


6 ends blue 




X 


100 






= 




600 


6 " brown 




X 


100 






= 




600 


12 " black 




X 


100 






= 




1,200 


24 " olive mix 


X 


100 






= 




2,400 



48 threads in one repeat of pattern. 
4-run woolen yarn=6,400 yards per lb. 

600X50= 30,000-=-6,400= 4H 
600X50= 30,000h-6,400= 4H 
1,200X50= 60,000^-6,400= 9A (or 9 f) 
2,400x50=120,000-^6,400=18}* (or 18i) 



4,800 threads in warp. 



Proof.— 4,800 X 50=240,000^6,400=37A (or 371) 

Answer. — The different amounts of yarn required for given example are : 

4iJ lbs. of 4-run blue woolen yarn. 

4U " 4 " brown " " 

91 ". 4 " black " " 

181 "4 " olive mix " " 

This method of finding the weight for different warp yarns is no doubt the easiest to understand 
by any student, and will solve the most complicated arrangements of dressings and variety of yarns 
used. 

The latter example can also be solved by — 

Rule. — Find total weight of warp yarn required and divide in proportion to each kind of yarn 

used. 

4,800 X 50=240,000^6,400=37tV lbs. total weight. 

6 blue =1 

6 brown =1 
12 black =2 
24 olive =4 



37Ah-8=4U for each part. 
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Answer. — lX4H= 4H lbs. of 4-run blue woolen yam. 

1X4H= A[l " " 4 " brown " 
2X4H= 91 " " 4 " black " 
4X4H=18I " " 4 « olive mix" 
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.37A (or 37J) lbs. total weight. 

If weight of warp is required to be found for one yard only, the answer may be required 
expressed in ounces ; if so, change fraction of pounds in ounces, or use rules given previously under 
"Grading of the Various Yarns," after finding the number yards of yarn required. 

When required to ascertain the weight of a warp dressed ■with yarns of various counts, 
and answer required is for the total weight of warp only, we may solve question by finding the 
average counts of the threads in question; and deal with this average count and the entire number of 
ends dressed, the same as if all the yarns used are of one count. 

The average counts of two or more threads we find by — 

Rule A. — Multiply the compound size of the given counts of yarn by number of threads com- 
pounded, or we may use 

Rule B. — Divide any one of the given counts by itself and by the others given in rotation, multiply 
each quotient by the numbers of threads of the kind used in one repeat of pattern ; next multiply pre- 
viously used common dividend with the numbers of threads in one repeat of pattern, and divide the pro- 
duct by the sum of the quotients obtained. Either of these two rules will find the average counts. 
Rule A answers when using short repeats of patterns, and Rule B is adopted for large repeats. 

Example. — Find average counts for the following dressing of a warp : 

2 ends 30-cut woolen yarn. 
1 end 20-cut " " 

3 ends in repeat of pattern. 
Using Rule A, we get 

30-^30=1 30-=-3i=8f compound size. 

30^30^=1 

30-^ 20=1 J 8fX3=25f average counts. 

H 
Answer. — The average counts are 25f-cut. 

Using Rule B, we get <j, 

( r^ , . , ) ( Threads of each kind ) 

j Quotie^it. ^ ] in pattern. \ 

30-^30 = 1 X, 2 = 2 

30^20 = IJ X 1 = 11 

30x3=90H-3i=26f 
Answer. — The average counts by Rule B are also 257-cut. 
Example. — Find weight per yard for a warp of 3,600 ends, 

Dressed. — 2 ends face 30-cut woolen yarn. 
1 end back 20-cut woolen yarn. 

3 ends in pattern. 
2/30-cut and l/20-cut=25^-cut average size. 
25f X300= 7,7 14f yards per lb. 
3,600 X 16=57,600-H7,714f=7.46 
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Ansirer. — AVeight of warp per yard is 7.46 oz. 

Proof.— 

3,600 ends, dressed : | ^ ^""f f^""""*- 3,600-^3=1,200 

I 1 end 20-cut. 

1,200X2=2,400 yards of 30-cut (9,000 vards per lb.) 2,400 X16=38,400h-9,000=4.26 oz. 
1,200X1 = 1,200 yards of 20-cut (6,000 yards per lb.) l,200Xl6=19,200-f-6,000=3.20 oz. 

7.46 oz. 
Example. — Find weight, per yard, for a warp of 4,800 threads, dressed as follows : 

2 ends face 6-run. 6^6=1 X2=2 
1 end back 4-run. 6^4=11 X l=li 

3 ends in pattern. 3J 
6\ 3=18^3i=5WunX 1,600=8,228.57 yards. 

4,800 XI 6=76,800 H-8,228.57=9.33. 

Answer. — Weight of warp, per yard is 9.33 oz. 

Proof. — 

4,800 ends, dressed: | ? ^"f ?"™°' 4,800-r-3=l,600 

I. 1 end 4-run. 

1,600X2=3,200 yards of 6-run (9,600 yards per lb.). 
1,600X1=1,600 yards of 4 run (6,400 yards per lb.). 

3,200X16=51,200-^9,600=5.33 oz. 

1,600X16=25,600-^-6,400=4.00 oz. 



9.33 oz. 

Example. — Find the average counts for the following dressing of a warp : 

2ends60's 60-^60=1X2=2 

lend 20's 60^20=3X1=3 

lend lO's 60^-10=6X1=6 

4 ends in repeat of pattern. 11 

60X4=240^11=21t''t 

Ansiffer. — The average counts are 21ti's. 

Proof. — (Using the same rule, but a different count, for dividend.) 

10^60= ix2= f 
10-=-20= iXl= f 
10-=-10=l Xl = l 

10X4=40-^lt=-V-^V=V-XTV=240H-ll=2lTVs. 

Proof. — (Using Rule A.) 

60-^60= 1 
60^60= 1 
g0^20= 3 60-f-ll = 5ftX4=2lTVs. 

60^10= 6 
11 
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Example. — Find weight per yard for a warp of 2,850 ends, dressed as follows 

20 ends 40's cotton 

1 end 50'8 " 
16 ends 30's " 

1 end 50's " 

38 ends in repeat of pattern. 
40-r-40=l X 20=20 =20 
404-30=li X16=21*=21A 
40h-50= Ix' 2= 11= lA 



40x38=l,520-=-42ii=35T'A's average counts. 
SStViX 840=29,869.56 yards per lb. 
2,850 Xl6=45,600-^-29,869.56=1.52oz. 
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Answer. — The weight of given warp in example is 1.52 o/. 
Proof. — 2,850-4-38=75 repeats of pattern in warp. 

20X75=1,500 ends of 40's cotton. (33,600 yards per lb.) 

16 X 75=1,200 ends of 30's cotton. (25,200 yards per lb.) 

2X75= 150 ends of 50's cotton. (42,000 yards per lb.) 

1,500 X 16=24,000h-33,600=0.71 

1,200X16=19,200^25,200=0.76 

150X16= 2,400^-42,000=0.05 



1.52 oz. (being the same answer.) 
Rules given refer to finding the weight of a warp in its original length, technically known as 
" dressed." During weaving and the process of finishing, in most cases, the warp will shrink or " take 
up," thus if figuring for weight of warp in a cloth from loom, or also when finished, we must calculate 
back to the original number of yards required dressed, to produce a certain number of yards of cloth 
either woven or finished ; or in other words, take the percentage for either or both " take ups," as the 
case may require, into consideration. Rules governing the "take ups" in a fabric cannot be given. 
They are guided by the cloth required, nature of material, twist, amount of intersections in weave, pro- 
cess of finishing, etc., in fact, practical experience is necessary to designate accurately these points. 

A table of relative lengths of inches dressed, and one yard woven, with reference to a "take up", 
during weaving, from 1 per cent, to 50 per cent., (which also can be used for "take up" of warps during 
finishing) is found in my " Technology of Textile De^iign," on page 266, in the chapter on "Ascertain- 
ing the weight of cloth per yard from the loom. 

TO FIND THE COUNTS FOR WARP YARN IF NUMBER OF ENDS IN WARP, 

AND AMOUNT OF MATERIAL, LENGTH AND W^EIGHT 

TO BE USED, ARE GIVEN. 

Multiply the ends in warp by the length, multiply the basis of the yarn in question bv the weight, 
next divide the latter product in the one previously obtained. 

Example. — Cotton Yarn. Find counts of yarn required — 2,800 ends in warp, 50 yards long, 

weight 4i lbs. 

2,800x50=140,000^-3,500 (41X840) =40 

Answer. — 40's cotton yarn is required. 

Example. — 'Woolen Yarn (run system). Find counts of yarns required — 3,600 ends in warp, 
40 yards long, weight 20 lbs. 

3,600 X40=144,OOOh-32,000 (1,600X20) =4i 
Answer, — The yarn required to be used in example given, is 4J-run. 
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Example. — >A^oolen Yarn (cut system). Find counts of yarn required — 4,800 ends in warp, 
45 yards long, weight 22 J ll)s. 

4,800 X 4.3=216,000-^6,750 (300 X 22i)=32 

Answer. — 32-cut yarn is required. 

Exninph. — ^Vo^sted Yarn. Find counts of yarn required — 6,000 ends in warp, 60 yards long, 
weight of warp 2lf lbs. 

6,000X60=360,000-- 12,000 (2HX5G0) =30 

Answer. — Single 30's (or 2/60's) worsted yarn are required. 

TO FIND NUMBER OF THREADS IN WARP TO USE, IF COUNTS OF YARN, 
LENGTHS AND WEIGHT OF WARP, ARE GIVEN. 

Multiply counts by basis of yarn and weiglit of warp, and divide proJuet by length of warp. 

Exiimpli'. — Cotton Yarn. Find niinib'T of ends f)r warp, 40's cotton, 50 yards ]on;f to dress, 
weight of yarn on hand 4i lbs. 

40x840X4^=140,000^-50=2,800 

Answer. — Use 2,800 ends in warp. 

Examine. — Woolen Yarn (lun system). Find imniber of ends for warp 4|-run woolen yarn, 40 
yards long to dress, weight of yarn to use 20 lbs. 

41 X 1,600 X 20= 144,000-^40=3,600 

Ans-wci: — Use 3,600 threads in warp. 

Ex'imp/e. — Woolen Yarn (mt system). Find number of ends for warp, 32-cut yarn, 45 yards 
long to dress, 22J lbs. weight of yarn on hand. 

;{2 X 300 X 221=2 1 6,000 -h-4o=4,800 
Answer. — Use 4,800 threads in \var[). 

Example. — Worsted Yarn. Find number of ends for warp, 2/60's worsted, 60 yards length of 
warp required, 21? lbs. anu)unt of yarn on band. 

2/60's worsted=l/30's; thus: 30x560x21? =.360,000^60=6,000. 

Answer. — Use 6,000 threads in warp. 

TO FIND THE LENGTH FOR A WARP, IF .NUMBER OF ENDS IN WARP, 
COUNTS AND WEIGHT OF YARN, ARE GIVEN. 

IMultiply counts by basis of yarn and weignt oi- warp, and divide product by number of ends 
in warp. 

El-ample — Cotton Yarn. Find length of warp, 2,800 threads in width, 40's cotton yarn, weight 
of yarn on hand 4b 11)s. 

40 X 840 X 4;-= 1 40,000^2,800=50. 

Ans:iDer. — The length for the warp is 50 yards. 

Example. — Woolen Yarn (run system). Find length of warp, 3,600 threads in width, 41-run 
woolei; yarn, weight of yarn on hand 20 lbs. 

4 J X 1 ,600 X 20=144,000-=-3,600=40. 

Answer. — The length for the warp is 40 yards. • 
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Example. — Woolen Yarn (cnt system). Find length of warp, 4,800 threads in width, 32-cut 
yarn, 22| lbs. weight of yarn on liaiid. 

32 X 300 X 22i=2 1 6,000-=-4,800=45. 
Answer. — The length for the warp is 45 yards. 

Example. — Worsted Yarn. Find length of warp, 6,000 threads in width, 2/60's worsted, 
21Vlbs. weight of yarn on hand. 

2/60's worsted=l/30's worsted; thus: 30X560X21f=360,00()-T-6,000=60. 
Answer.— ']^{\e lengtli for tlie warp is 60 yards. 

Example. — Cotton Yarn (2-ply). Find length of warp (for extra super ingrain carpet) ],072 ends, 
2/14's cotton yarn, weight of yarn on hand 50 lbs. 

2/14's cotton=l/7's cotton. Thus: 7 X 840 X 50=294,000-^1, 072i=274U 
Answer. — The length for the warp is 274| (actual 274H) yards. 

P/-oo/.—274Hxlj072^274Hx 1,072=294,000-^-5,880=50, being the amount of lbs. of yam on 
6,880(7X840) ' > > J b J 

hand. 

Example.— WOTSX.&A Yarn (3-ply). Find length of warp 4,800 ends in width of fabric, 3/60's 
worsted yarn, weight of yarn on hand 80 lbs. 

3/6u's worsted=l/2U's worsted. Thus : 20 X 560 X 80=896,000-^4,800= 186|. 
Answer. — The length for the warp is 186| yards. 

P^°of-— i!^o!!n^.^'^^?-. =1861X4,800=2,688,000-^11,200=80, being the amount of pounds 
of yarn on hand. 

■When two or more different materials are used in the construction of a cloth, previously 
given rules for warp nm.st be solved by combining one repeat, or the average of one repeat, of pattern 
in a compound thread ; and if required by question, after lindiug answer in such a compound thread, 
we must transfer the same to the re>ipective minor threads. 

To give a clear understanding to the student, we give, correspondingly to previously given rules, 
one example in three different cliauges. 

Example. — Find counts of yarn required, 4,800 ends in warp. 

Dressed. — 2 ends face. 1 ^tt- i i • 

, . , K. Woolen yarn, run basis. 
1 end back. j "^ ' 

3 ends in repeat. 
Back^warp threads to be twice as heavy as to size as face warp threads. Length of warp, 50 
yards. Weight of same to be 40 lbs, 

4,800-f-3^1,600 repeats of pattern, or 1,600 compound threads. 
1,600 Xo0=80,000-4-64,000 (l,600X40)=lJ-run compound size. 
liX4=5 liX2=2i 

12 ends face @ 5-run. 
1 end back &i 2i-run. 
3 ends in repeat. 
Proof.— 5—5—21 

b^-5 =1 

5h-5 =1 6-T-4=lJ compound size. 

5-^21=2 
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4,800 ends in warpH-3 ends in repeat of dressing=l,600 compound threads of 1 J-run. 

1,600X60 yards long. 
80^000 ^ ^ IJX 1,600=2,000. 

2,000:1 :: 80,000: x =80,000^2,000=40 lbs.=the weight given in the example. 



Example. — Find number of ends for the following warp : 
Dressing. — 2 ends face warp, 5-run. 

1 end backing warp, 2|-run. 



Length of warp 50 yards. Weight of same, 40 lbs. 



3 ends in repeat. 

5^5 =1 

5-^5 =1 5-;-4=lJ compound size of the 3 threads in repeat of pattern. 

6-i-2J=2 

— lj-run:=2,000 yards per lb., hence 
4 

40x2,000=80,000 yards of the compound thread in the amount of weight required. 
8,000^-50 (Length of warp.) =1,600 
1,600X3 (Number of threads in compound count.) ==4,800 
Answer. — 4,800 threads are required for warp given in example. 

2 face 6-run. 
1 backing 2J-run. 



Proof. — 



4,800 threads, dressed : 



3 threads in repeat. 
4,800^-3=1,600 

1,600X2=3,200 threads 5-run (8,000 yards per lb.) 
1,600X1=1,600 threads 2i-run (4,000 yards per lb.) 

3,200X50 (length of warp) 160,000-^8,000=20 lbs. 
1,600X50 (length of warp) 80,000-^4,000=20 lbs. 



Example 



5^5 =1 
5^-5 =1 
5^2J^2 



40 lbs. weight given in example. 
-Find length of warp required — 4,800 threads in width of cloth. 

Weight of complete warp 40 lbs. 



Dressing. — 2 ends face 5-run woolen yarn 
1 end back 2J-run woolen yarn 



3 ends in repeat. 
5 -^4=1 J compound size. ,, , . 

l|-run =2,000 yards per lb. 
2,000 X 40=80,000 yards of the compound thread in the amount of weight required. 



80,000h-1,600 (Number of compound threads in width.) 
Answer. — ^O yards, length of warp required in given example. 

Proof. — 

2 face, 5-run | 
1 back, 2J-run j 



=50. 



4,800 threads 



=1,600 threads l^-run. 



3 threads repeat. 

f Number of yards in ] 



1 600X5o|^Tn^red°by^ansJerl=80 000-^2 000 j^^X-run° o^ com-l=^^ ^^^- weight of complete warp, 
' I. in example. j ' ' (. pound count. J as given m example. 
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Filling Calculations. 



TO FIND LENGTH OF FILLING YARN REQUIRED FOR PRODUCING ONE OR 
A GIVEN NUMBER OF YARDS OF CLOTH, IF PICKS PER INCH 
AND WIDTH OF CLOTH IN REED, (INCLUDING 
SELVAGE) ARE KNOWN. 

Rule. — Multiply picks per inch by width of fabric in reed, the product will be number of inches 
of filling yarn required for one inch cloth, or, at the same time, ■ number of yards of filling yarn 
required for one yard of cloth. By simply multiplying y^rds of filling required for one yard of clotli, j 
with the yards of cloth given in example, we get in product number of yards of filling yarn required 
for given yards of cloth. 

Example. — Find yards of filling required for a, one yard 6, 8 yards of cloth woven 72 inches 
wide in reed, with 52 picks per inch. 

52X72=3,744 | 3,744X8=29,952 

Answer. — One yard cloth requires 3,744 yards filling. Eight yards cloth require 29,952 yards filling. 

TO FIND W^EIGHT OF FILLING YARN REQUIRED, EXPRESSED IN OUNCES, 
PRODUCING ONE YARD OF CLOTH, IF PICKS PER INCH, 
WIDTH OF CLOTH IN REED, AND THE COUNTS 
OF YARN ARE KNOWN. 

i?Mfe.— Multiply picks by width of warp in reed, and divide product by number of yards of the 
known count required to balance 1 oz. 

JExqrnple. — Cotton Yarn. Find weight of filling required for one yard cloth of the following 
description : 64 picks per inch, 68 inches reed space occupied, single 20's cotton yarn. ^ 

64X68=4,352 yards. 1/20's cotton=16,800 yards per lb. or 1,050 yards per oz. 

4,352^1,050=4.14. 

Answer. — The weight of filling required is 4.14 oz. per yard. 

Example. — Woolen Yarn. Find weight of filling required for one yard cloth having 52 picks 
per inch, 72 inches reed space, 4-run yarn. 

4-run=(4Xl00)=400 yards per oz. 52x72=3,744^-400=9.36 
Answer.— ^.m oz. is the weight of the filling required per yard. 

^awipfe.--^Worsted Yarn. Find weight of filling necessary for one yard cloth having 68 picks 
per inch, 61 inches reed space, 2/36's worsted yarn. 
68 X 61=4,148. 2/36's worsted=10,080 yards per lb. or 630 yards per oz. 4,148 -f-630=6. 59 oz. 

Answer. — The weight of filling required is 6.59 oz. 

TO FIND W^EIGHT OF FILLING YARN REQUIRED (expressed in pounds or frac- 
tion thereof,) FOR ANY NUMBER OF GIVEN YARDS, IF PICKS PER 
INCH, WIDTH OF CLOTH IN REED, AND THE 
/ COUNTS OF YARN, ARE KNOWN. 

iJwfe.— Multiply picks by width in reed and the number of given yards, next divide producjt thus 
derived by'thei-Btimber of yards of the known count per pound. 
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Example. — Cotton Yarn. Find weight of filling required for 40 yards of cloth woven with 68 
picks per inch, 70 inches reed space and SO's cotton yarn. 

68X70=4,760X40=190,400 30X840=25,200 190,400^25,200=71. 

Answer. — Weight of filling required in given example is 71 lbs. 

Example. — Woolen Yarn. Find weight of filling required for 120 yards of cloth woven with 
44 picks i)cr inch, 71 inches reed spuce and 22-cut woolen yarn. 

44X71=3,124X120=374,880 22x300=6,600 374,880-^-6,600=56.8. 

Answer — Weight of filling required in given example is 56.8 pounds. 

Erample. — ^A^o^sted Yarn. Find weight of filling required for 600 yards of cloth, Avoven with 
64 picks per inch, 62 inches reed space, 2/32's worsted. 

64 X 62=3,968 X 600=2,3x0,800. 1 6 X 560=8,960 2,380,800-1-8,960=265?. 

Ant^wer. — Weight of filling required in given example is 265ylbs. 

If two or more different kinds of filling yarn are used, and it is required ♦'O ascertain 
weight of material for each kind, the solving of the example depends entirely ou the arrangement 
of colors used and their respective counts. 

If the counts are equal, and lots differ only in color or twist, ascertain the weight for the 
entire filling required by previously given rules, and fiud answer for each kind by proportion of picks 
as used of eath kind. 

Example. — Find weight (in ounces) for filling required per yard in the following fabric: 

Arrangement of filling. — 4 picks brown 6-run woolen yarn. 

6 " black 6-run " " 

4 « blue 6-run " " 

6 " black 6-run " " 

20 picks in repeat of pattern. 

72 inches reed space of fabric. 84 picks per inch. 

84X72=6,048 yards of filling per yard cloth. 

6,048-5-600 I ^\at-Tym^&m.°^ \ =10.08 oz. complete weight of filling required per yard cloth. 



thus: 10.08-^5=2.016 



Brown 4 picks=1 

In one repeat we find : Blue 4 picks=l 

Black 12 picks=3 

20 picks. 5 

Answer. — 2.016X1 or 2.016 oz. brown filling •) 

2.016X1 or 2.016 oz. blue •' V required per yard of cloth woven. 

2.016X3 or 6.048 oz. black " j 



Proof. — (-|-) 10.080 total weight of filling required for one yard cloth woven. 



39 

Example. — Find •weight in poiinds of filling required for weaving 2,000 yards of cloth of the 
following dimensions : Rted space 64 iuciies — picks per incli 6(). » 

Arrangement. — 2 picks 2/32's worsted black. 

2 " 2/:l2's " l)rown. 

2 " 2/32's " bliK-k, 

2 " 2/32"s « olive. 

8 picks in repeat of pattern. 

66X64=4,224X2,000=8,448,000 yards of filling required for 2,000 yards of cloth. 

2/32's worsted=8,960 yards and 8,448,000-=-8,960=942? lbs. total weight of filling required for 
the 2,000 yards cloth. 

Black 4 i)icks in one repeat of color arrangement =2 
Brown 2 " « " " " =1 

Olive 2 " " " " " =1 

8 picks. 4 Thus: 

942?--4=23yf 



Answer. — 23o?X]=23oHbs. 2/32's olive worsted -j Amount of filling required 

2355 X 1 =235? " 2/32's brown « I for weaving 2,000 yards 

235^X2=471? " 2/32's black " J cloth. 



Proof.— (+) 942? lbs. total weight of all 3 kinds tilling for 2,000 yards cloth. 

If filling yarns of different counts or materials are used, find number of yards of yarn of 
each kind required for given number of yards, and transfer the same to their respective weight (in oz. 
or lbs. as required) by means of rules given previously under the heading of " Grading Yarns." 

Example. — Find weight in ounces for filling required per yard in the following fabric : 

Arrangement. — 10 picks black 4 run woolen yarn. 
2 " blue 6 " " " 

12 picks in repeat of pattern. 

70 inches reed space of fabric. 64 picks per inch. 

. 64X70=4,480 yards of filling required per yard of cloth, 

10 picks black =5 
2 picks blue =1 

1 2 picks in repeat 6 Thus : 4,480-J-6=746| 

746fxl= 746| yards blue 6-run 1 , ^ , .. 

7461X5=3,733^ " black 4-run T'^^^S '"^I""'"^ ^''' «"« yard of cloth. 

746| yards 6-run=( 746|-4-(i00)=1.2t oz. 
3,733J " 4-run=(3,73.ii-i-400)=9.33 oz. 

Answer. — 1.24 oz. 6-run blue filling and 
9.33 " 4-ruu black filling, or 



10.57 oz. complete weight of filling required for weaving one yard cloth. 
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Example. — Find weight in pounds of filling required for weaving 3,500 yards of cloth pf the 
following details : Reed space 72 inches, 84 picks per inch. ;, 

Arrangement. — 2 picks 32-eut woolen yarn, brown. 

1 pick 14 " " " black. 

2 picks 32 " " " blue. 
1 pick 14 " " " black. 

6 picks in repeat. 

84X72=6,048X3,500=21,168,000 complete yards of filling required. 

2 picks 32-cut brown=l 
2 " 32 " blue =1 
2 " 14 " black =1 

6 picks in repeat. 3 Thus : 

21,168,OOO-=-3=7,O56,0OO yards of filling required of each kind. 

7,056,000-^9,600 (standard of 32-cut)=735 lbs. 
7,056,000:=::4,200 (standard of 14-cut)=l,680 lbs. 

Answer. — In given example the following amounts of filling are required : 

735 lbs. 32-cut brown woolen yarn. 
735 " 32-cut blue " " 

1,680 " 14-cut black " " or 



3,150 lbs. complete weight of filling required for weaving the 3,500 yards of cloth. 

TO FIND THE COUNTS FOR A FILLING YARN REQUIRED TO PRODUCE A 
CERTAIN GIVEN WEIGHT PER YARD CLOTH (in which also 
the picks per inch and width in reed are known"). 

If such example refers to weight given in ounces for one yard, use — 

Rule. — Multiply picks by width of fabric in reed, and divide product by number of oz. given, 
and the quotient by the sixteenth part of the number of yards in the basis of the yarn in question. 

Example. — Worsted Yarn. Find counts for filling yarn required of following cloth. 90 picks 
per inch, 58J inches width of fabric in reed. 5 oz. weight for filling to be used. 

90 X 58i=5,250^5=l,050^35(560-f-16=35)=30. 

Answer. — The counts for filling yarn required are either single 30's or 2/60's worsted yarn. 

Proof. — 90X58J=6,2oO(yards wanted)^-l,050(yards per oz.)=5 oz. weight of filling per yard. 

Example. — 'Woolen Yarn (cut basis). Find counts for filling yarn required of following cloth : 
45 picks per inch, 75 inches width of fabric in reed, 9 oz. weight for filling to be used. 

45X75=3,375-^9=375^181=20. 

Answer. — The counts for filling yarn required are 20-cut woolen yarn. 

If example refers to a given number of yards and weight is expressed in pounds, use— 

Rule. — Multiply width of fabric (in loom or in reed) with the number of picks per inch, and the 
result with the given yards of cloth to be woven ; the result thus obtained divide by the given weight, 
*nd the quotient by the basis of the yarn. 
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Example. — W^oolen Yarn (run basis). Find counts for filling yarn: required of following cloth: 
Reed space occupied 66§ inches, 72 picks per inch, 40 yards length of cloth to be : woven, 30 lbs. 
amount of filling to be used. 

66fx72=4,800X40=192,000H-30=6,400H-l,600=4. 

Answer. — Counts for yarn required are 4-run woolen yarn. 

Example. — Cotton Yarn. Find counts for filling yarn required for following cloth. Reed space 
occupied 30 inches, 80 picks per inch, 70' ya'-ds length of cloth to be woven, 10 lbs. amount of filling 
to be used. 

30X80=2,400x70=168,000h-10=16,800-^840=20 

Answer. — Counts for yarn required are 20's cotton yarn. 

TO FIND THE PICKS PER INCH FOR A CERTAIN PIECE OF GOODS OF 

WHICH THE COUNTS OF THE YARN, LENGTH OF CLOTH TO BE 

WOVEN, ITS WIDTH IN REED, AND THE AMOUNT OF 

MATERIAL TO BE USED, ARE GIVEN. 

In such a case use — 

Rule. — Multiply counts by basis of yarn and amount of material to be used, the product thus 
obtained divide by the yards given and the quotient by width of fabric in reed. 

Example. — Woolen Yarn (run basis). Find number of picks necessary to produce the follow- 
ing fabric : 6-run woolen yarn, 80 inches width of cloth in reed, 40 yards length of cloth woven, 20 
lbs. weight of filling to be used. 

6 X 1,600=9,60QX 20=192,000 -f-40=4,800 -=-80=60 

Answer. — 60 picks are required. 

Proo/.— 60X80=4,800X40=192,000 yards required. 

6 X 1,600=9,600. Thus : 192,000-^9,600=20 lbs., weight of filling to be used. 

Example. — W^orsted Yarn. Find number of picks required to produce the following fabric: 
Single 15's worsted filling, 60 inches width of cloth in reed, 40 yards length of cloth woven, 22 lbs. 
weight of filling to be used. 

15 X 560=8,400 X 22=184,800-f-40=4.620^60=77 

Answer. — 77 picks are required. 

In some instances there may be two or more different counts of filling used. For example 
in fabrics made with one system of warp and two or more fillings, or fabrics made on the regular 
double cloth system, etc. If the arrangement as to counts of a filling is of a simple form, com- 
pound the counts of the respective number of threads in one thread, and solve answer in compound 
size by previously given rule. Next multiply compound number thus derived by number of picks 
compounded, and the result will be the answer for picks wanted in fabric. 

Example. — Woolen Yarn (cut basis). Find number of picks necessary to produce the following 

fabric. 

Arrangement of filling. — 2 picks 32-cut woolen yarn (face). 

Ipick 18 " " " (back). 

3 picks in repeat. 
36 yards length of cloth woven, 26A lbs. weight of filling to be used, 74 inches reed space to, 
be occupied. 
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32-r-32=l 32-^3J=8TVrnt com p. .1111(1 size. 

32 --32=1 8tVX300=2,541Ax2G/i=66.600 

32-T-18=U 66,600-=-3G=1,S50^74=25, compound number of picks required, 

25X3 (number of minor picks compounded)=75 
34 

Answer. — 75 picks are required. 

Proof. — 2 picks 32-cnt. I 75 picks p'^r inch. 

1 pick 18-cut. I 36 yards length of cloth. 

3 picks in repeat. 74 inches reed space occupied. Find weight (26:^i). 

75x74=5,550H-3=l,^50. 1,850— 18-cut— (18X300=5,400 yards per lb.) 

3,700— 32-cut— (32X300=9,600 yards per lb.) 

1,800 X 36= 66,6fK)^-5,400=12J=12j\ ll.s. 
3,700x36=133,20U-=-'J,000=13J=13i} lbs. 

26^1 lbs., being the same weight as given in example. 

If the arrangement of filling has a large number of picks in repeat proceed as follows : 
Ascertain wHgiit of filling for one repeat of number of yards r quired woven and fiiul answer by pro- 
portion, for picks in one repeat are to their weight in the same proportion, as picks required (or x) to 
given weight. 

Example. — Cotton Yarn. Find number of picks required for the following cloth: 



Width of fabric in reed 30 inches. 
Length of clotii woven 60 yards. 
Weight of filling to be used 12 lbs. 



Arrangement of filling. — 20 picks single 20's cotton. 

24 " " 12's " 

44 picks in repeat. 



20 X 30=600 X60=.36,000 ) 

24 X 30=720 X 60=43,200 J ^""^ °°^ ""^^^^ °^ 

44 picks. 

20's cotton =16,800 yards per lb. and 36,000 yards are required. 
12's " =10,0a0 " " " 43,200 " " « 

36,000-v-] 6,800=2^ lbs. 
43,200^ 10,0o0=4? lbs. 
+— 

6f lbs., weight required for one repeat (=44 picks) of given counts of cotton yam, 

44:6'r::x:12 44X12=:528-^6?=?=»2A 

Answer. — 82 jiicks (actually 82tV picks) are required. 

P/-oo/:—82t^s X 30=2,-1 64 X 60=147,840-^44=3,360. 

3,360 x20=67,200-f-16,800=4 ll)s. 
3,360x24=80,640-=-10,080=8 lbs. 

12 lbs., weight of filling to be used in given example. 

To ascertain the number of yards of cloth woven, a certain amount of yarn on hand 
will give. Jsucli examples will frequently arise in working up old lots on hand ; again every time at 
weaviug the last pieces cloth of large orders, where the superintendent wauts a final review before the 



H Width of) ( Yds of filling 1 (9.600-^16) 
fabric >• •< -wanted for [■ < or yards > 
in reed. ) ( ^ yard cloth J ( per oz. ) 
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last or last few looms may have to wait for filling, or cut warps short. In such instances, width of 
fabric in reed, counts of yarn, and picks per inch are known. Thus : find number of yards for which 
material on hand by — 

Rule. — Ascertain weight of filling required per yard, and divide the latter into the total weight of 
yarn On hand. 

Exnmpfe. — Woolen Yarn (run system). Find num'>er of yards of cloth we can weavf R-ith 92 
lbs. 4-rnn woolen yarn filling in a fabric, which is set 70 inches wide in reed and lor which wa use 60 
picks per inrh. 

rPicks) fWidthofl (Yds offilltng ) C6,4oo-^i6-) 
■j per y I fabric >■ < wanted fur >• -j or yards V 
(, inch ) (. in reed ) ( i yard cloth. ) (. per oz J 

CO X 70 = 4,200 -f- 400 =10| oz., weight of filling wanted per yard clotl-WwVi;n, 

( Lbs of filling M Oz in M Total amount M Oz of filling in | 
( on hand ) ( 1 lb \ ( of cz J j i yard of cloth f 

92 X 16 = 1,472 H- 10.5 =140.19 yards. 

Answer. — Filling in hand will weave 140 yards (140.19), of cloth. 

Example. — Woolen Yarn (cut system). Find number of yards of cloth we can weave with 42 

lbs. 32-cut woolen yarn filling in a f.ibric, which is set; 72 ini-lies iu reed and for which we use 84 picks 

per incli. 

("Picks ) (Width of) 
per 
inch. 

84 X 72, = 6,048 -r- 600 =10.08oz.,weightof filling wanted per yard cloth woven. 

j I/bs. of filling ) ( Oz. in I ( Total amount") i Oz. of filling in ) 
( on hand. j j lib. J ( ofoz. / ( i yard of cloth J 

42- X 16 = 672 -^ 10.03 =66| yards. 

Answer. — Filling on hand will weave 66 yards (66f) of cloth. 

Example. — Worsted Yarn. Find number of yards of cloth we can weave with 52 lbs. of 2/36's 
worsted filling in a fabric, whidi is set 62 inches wide iu reed and for which we use 70 picks per inch. 

{Picks") (Width of] f Yds. of filling l ('10,080-^16'] 
per [• ■! fabric y i -wanted for >■ -j or yards i- 
inch. J ( iureed. j ( i yd. of cloth. J [ peroz. J 

70 X 62 =: 4,340 -^ 630 =6.888 oz.,weightoffilling wanted per yard cloth woven 

f Lbs. of filling"* f Oz. in ) f Total amount"! f Oz. of filling in ) 
\ on hand. / \ l lb \\ ofoz J \ i yard of cloth f 

52 X 16 = 832 -^ 6.888 =120.79 yards. 

Answer. — Filling on hand will weave 120 yards (1204) of cloth. 

Example. — Cotton Yarn. Find number of yards of cloth we can weave with 18 lbs. of single 
40's cotton filling iu a fabric, which is set 30 inches iu reed and for which we use 60 picks per inch. 

(Picks "1 (Width of) f Yds. of filling ] f33,6oo-^i6" 
■; per > \ fabric >• < wanted for }■ ■! or yards - 
[ inch. J L in reed J (.1 yard 01 cloth J [ per oz. 

60 X 30 = 1,800 -^ 2,100 =?oz.,weightoffilling wanted per yard cloth woven. 

( Lbs of filling "l ( Oz in ) ( Total amount ) j Oz of fiUmg in ) 
I on hand J J 1 lb. J ( ofoz. j i i yard of cloth J 

18 X 16 = 288 -^ f =336 yards. 

Anmner. — Filling on hand will weave 336 yards of cloth. 

(Answers are given in these examples without reference to any waste of material during the weaving process.) 
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Ascertaining the Annount and Cost of the Materials used in the 

Construction of Fabrics. 



A. FIND THE TOTAL COST OF MATERIALS USED, and 

B. FIND THE COST OF THE SAME PER YARD, FINISHED CLOTH. 

Fancy Cassimere. 

"Warp. — 3,600 ends 4-run brown mix. Price of yarn, 85 cents per lb. Length dressed, 50 yards. 
Reed, 121X4. 

Selvage. — 40 ends, 2-ply 4-run. Reeded, 4 ends per dent. Price of yarn, 50 cents. 

Filling. — 52 picks, 3f-run gray mix. Price of yarn, 65 cents per lb. 

Length of fabric from loom, 43 yards. Length of fabric finished, 40 yards. 

1 Ends, f {yards. } j ^0^^ } | ^-ds per J j ^„,,, ,,,. J { Price per | 

Warp.— 3.600X50 ^(jgo^oOO ^ 6,400) = 28^ X 85/ = |23. 905, price of warp. 

/ Total 1 f Yards 1 ( Price per \ 

\ yards. / \perlb. j" ( lb. J 

Selvage. — 40 X 2=80 ends X 50 yds. =4,000 -f- 3,200=1^ lbs. X 50/ = 62 J/, price of selvage. 

Filling. — 3,600-^50=72 inches, width of warp in reed. 

f II " width of selvage (80^4=20-=-12i=l|). 

731 inches, width of warp and selvage. 

i 'inr-A.-u } i -Di 1 } i Yards filling ) ( Yards ) j Total yards ) ( Yards per ) ( Weight of ) 
] Width. ^ I Picks [ j per yard cloth. [ ] Woven. ^ ( fiUini- \ \ lb. f ( filW ) 

731 X 52 = 3,827i x 43 = 164,582,^ h- 6,000 = 27.43 lbs. 

X 65/, price per lb. 



$23. 90 J, price of warp. 
62J, price of selvage. 
17.83, price of filling. 



$17.8295, price of filling. 
$42.36 -=-40=$l. 059 or $1.06, price of material per yard finished. 



$42.36, total cost of all. 

Answer. — A. $42.36, total cost of all materials. 

Answer. — B. $1.06, cost of materials per yard of finished cloth, 

■Worsted Suiting. 

Warp.— 3,968 ends, 2/32's worsted. Price of yarn, $1.05 per lb. Length dressed, 45 yards. 
Reed, 16X4. 

Selvage. — 30 double ends, 2/30's worsted, 3 double ends per dent. Price of yarn, 75 cent^per lb. 

Filling. — 66 picks, 2/32's worsted. Price of yarn, 95 cents. , ; 

Length of fabric from loom, 40 yards. Length of fabric finished, 39|^ yards. 

Warp. — 3,968X45=178,560 yards of warp wanted. 

2/32's worsted=l/16's=8,960 yardsper lb. 178,660-=-8,960=19M lbs., weight of warp. 

279 279 V 1 05 

19MX1.05=-^X 1.05=— ^j^^^=292.95-^-14=$20.92i, cost of warp. 
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Selvage. — 60X2=120X45=5,400 yards of selvage are wanted. ■ ' ' v 

' •.■' -'■■■' 2/30's=l/15's=8,400 yards per lb. 

54 q (Price per lb.) 
5,400-i-8,400=^or,-V X 75^ = 675-^ 14=48A/2', cost of selvage. , ; 

Filling.— 3,968h-64=62 inches width of warp. 

10 dents each side for selvage=20 (both sides) h-16^1 J, inches, width of selvage. 
C2 inches, width of warp. 

li " " selvage. i Yards filling ) 

- ( wanted per yard. \ 

63J, total width of fabric in reed, and 63^X66=4,174.5 

X40 length of cloth from loom 

166,980 yards of filling wanted. 

.,,; i 166,980-=-8,960=18lif lbs. of filling wanted. 

•; ! • f Price ) 

tper lb. i 

;.'<-■' 18lil X 9by = 17.70ifl-HlOO=$17.70i, cost of filling. 

Warp, $20.92^ 

Selvage, 0.48ft $39.1175-r-39.26=$0.996 or 991/, cost of material per yard. 

Filling, 17.701 

$39.1 1ft, total cost of materials. 

Answer A. — $39,111, (practically $39.12) total cost of all materials. 

Answer B. — $ 0.99f, (practically $1.00) cost of materials per yard of finished cloth. 

Cotton Dress Goods. 

Warp.-T-1,392 ends, single 18's cotton. Price of yarn, 22 cents per lb. Length dressed, 60 
yan'.. Reed, 24X2. 

Selvage. — 12 ends, 2/20's cotton, 3 ends per dent. Price, 20 cents per lb. 

Filling. — 54 picks, single 26's cotton. Price, 24 cents per lb. 

Length of cloth from loom, 56 yards. Length of cloth finished, 56 J yards. 

Warp.— 1,392x60=83,520^15,120(840X18)=5t'A lbs.X22/=$1.20iH, price of warp. 

Selvage.— 24 X60=l,440^8,400=ii^ or -h lbs. 

AX20=(120-;-35)=3f/, price of selvage. 

Filling. — 1,392-;-48=29 inches, width of fabric in reed. 

1^ inch " " both selvages. • 

29J inches, total width of fabric and selvages. 

29^X54=1,584 yards of fi^lling wanted per yard. 
X56 " length of cloth from loom. 

88,704, total number of yards wanted. 

I Yards per lb. ) 
' ' ' ( in 26's cotton. J (lbs.) 

,r[': ■,:.;':-''.; 88,704 -^- 21,840 = 4.061 X24f=.97^(y/, price of filling. 
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$1.21, price of warp 
.031, " « selvage 
.971, « « filling 



.22-i-56|=3iT3 or nearly 3| f, price of material per yard finished. 



$2.2.', total price of material used in the fabric. 
Aiuwer A. — $2.22, total cost of material used. 
Aiiswer B. — $ .03|, (practically 4 cents) cost of materials per yard finished cloth. 

Woolen Tricot Suiting. 

"Warp. — 4,608 ends, 32-cut woolen yarn. Price of yarn, $1.15 per lb. Length dressed, 40 
yards. Reed, 10x4. 

Selvage. — 40 ends, single 10-cut, 2 ends per dent. Price, 54 cents per lb. 

Filling. — 76 picks, 36-(^ut woolen yarn. Price, $1.0<S pef lb. 

Length of cloth from loom, 36 yards. Length of cloth finished, 32 yards. 

Warp. — 4,60SX40=184,320--0,GOO(3nOx32)=19.2 11)SX$I.15=$22.08, price of warp. 

Selvage. — 40x2=80X40=3,200h-3,000(:300x10)=1t'5 lbs.xW.54=$0.576, price of selvage. 

Filling. — 4,60S-h64=72 inches, width of \var]i. 

21 " " " selvage. (40x2==80-^■2=40H-16=2l) 

74J inches, total width of fabric. 
74|X 76=5,662 yards filling per yard. 
X36 yards of cloth woven. 



21)3,832, total yards filling wanted. 
203,832--10,800=18,^73 lbs., weight of filling. 
1«,873 H.s.X$1.08=$20.383, cost of filling. 



Warp, $22.08 
Selvage, .576 
Filling, 20.383 



:3.039-^32=$1.345, or $1.34i, cost of materials per 
yard finished. 



$13,039, total cost. 

Answer A. — $43,039, (practically $43.04) is the total co.=t of the materials used; and, 
Answer B. — $1.34J, is the cost of the same per yard finished. 

Worsted Suiting. 

Warp. — 3,1)60 ends. Length dressed, 45 yards. Reed, 16X4. Take up of warp during weaving, 

12 per cent. 

Dressed.-4 ends black 2/32's 1 ^ ^.„^^^ ^^.^^^.^ 

2 " slate 2/36'sJ 

4 " black 2/32's 

1 " 30/2's lavender spun silk 

1 " 30/2's red " " 



= 4 


i( 




= 1 


i( 




= 1 


a 




30 


ends in 


pattern. 


Price 


of silk, 


$6.50. 



Price of black worsted, $1.05. Price of slate worsted, $1.12. 

Selvage. — 30 double euds, 2/30's worsted each side, 3 double ends per dent. Price of yarn, 75^ per lb. 
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Filling.^ — 66 picks per inch, 2/32's worsted. 

Arrdiigement of colors. — 28 picks black worsted 2/32's (price 95^ per lb.) 

1 j)ick lavender spun silk 30/2's (price $(i.50 per lb.) 

1 pick red " " 30/2's (price 6.50 per lb.) 

30 ])icks in repeat. Loss in lengtli during finishing, 1| per cent. 

20 ends bhick 2/32's worstcd=10 

8 " shite 2/36's " = 4 

2 " spun silk 30/2's " = 1 

30 ends in pattern =15 

3,960-^15=264 repeats (of half patterns.) 

264X10= 2,6-10 ends of 2/.32's black worsiedx4o=118,S00 yards. 
264 X 4= 1,056 " " 2/36's slate " X45= 47,5:^0 " 

264X1=/^'^^ " " 30/2's lavender silk X 45= 5,940 " 
t 132 " " 3U/'2s red silk X4o= 5,9-10 « 



3,9ti0 ends of warp X 45=1 78,200 yards. 

2/32's=l/16's=16X 560=8,960 yards per lb. 

118,800-=-8,960=13.¥3 lbs. X§1.05=i?^Xl.05=(l,485Xl.05=155,925H-112=) $13,921. 

X la 

Price of 118,800 yards 2/32's black worsted is $13.92. 

2/36's=l/18's=18 X560=10,080 yards. 

47,520^-10,080=41 lbs. X $1.12=$5.28,priee of 47,520 yards 2/36's slate worsted-. 

30/2's silk=25,200 yards per lb. 5,940-1-25,200=0.235 lbs. X$6.50=$l .52750. 

Price of 5,940 yards 30/2's lavender silk=$1.527. Price of 5,940 yards 30/2'3 red silk=$1.527. 

Bhiek worsted, |13.92 
Slate, " 5.28 

Lavender silk, 1.527 

Red silk, 1.527 

$22,254. total cost of warp. 

Selvage.— 2/30's=l/o's=15X 560=8,400 yards per lb. 

54 9 
120X45=5,400 yards. 5,400-=-8,400=y^=-^^]bs.x75/=48.2^, price of selvage 

Filling. — 3,960 -=-64=6 UJ inches, width of cloth in reed. 

60h-3=20 dcnts-^16=lA=lJ inch, width of selvage. 
6HJ, width of cloth. 
lA, width of selvage. 



62tI inche.-i=63l inches, width of cloth and selvage. 

505 
631 X66=-^X66=(505X66=3.3,330h-8=)4,1661- yards filling wanted for 1 yard cloth from loom, 

45 yards length dressed. 
— 5.4 " 12 per cent, take up. 



39.6 yards, length of cloth woven. 
4,166.25X39.6=164,983.5 yards, total amount of filling wanted. 



164,983.5h-J5=10,998.9 



10,998.9X14==153,984.6 yards of 2/32'a worsted wanted. 
10,998.9 X 1= 10.998.9 " " 30/2's-silk''wanted, - 



164,983.5 
153,984.6-5-8,960=17.185 lbs. X95^=$l 6.326, price of the black worsted filling. 
30/2's silk=25,200 yards per lb. 10,998.9-^25,200=0.436 lbs. X$6.50=$2.834, total price of silk. 

$2.834^2=$1.417, price for eacb kind silk. 



$1.6.326 black worsted filling. 
1.417 lavender silk " 
1.417 red " " 



Cost of warp, $22,254 
'• " selvage, .482 

" " filling, 19.160 



$19,160, total cost of filling. 

39.6 yards, length of cloth woven. 
.594 " 1 J percent, loss in finishing. 

39.006 yards, finished length. 



$41,896, total cost of materials. 

41.896^39.006=1.074, cost of materials per 
finished yard. 



Answer. — A. Total cost of material, $41.90. 

Answer. — B. Cost of materials per yard finished cloth, $1.07J. 

Fancy Cassimere. 

Warp. — 4,032 ends. Reed, 14x4. Length of warp dressed, 50 yards. Take-up of warp 
during weaving, 10 per cent. 

Dressed. — 4 ends 5-run black \ , .■ oo j 

^ ,, ^, , >■ 4 times over - _ _ - - ^32 ends. 

4 " 5 " brown J 

4 ends 5-run black - ___. -=4 ends. 

3 " 5 " brown - - - =3 ends. 

r 5-run black wool and 30's blue spun silk twisted together "j 

1 end twist < take up of silk, 12 per cent. ) . . V"^! ^^^- 

I" « « wool, 3 per cent, ^'^""g *^^^*^"g- j 

2 ends 5-run black 1 „ i- oc j 

> 9 times over _____ =36 ends. 

2 " 5 " brown/ 

2 ends 6-run black _ . _ _ _ =2 ends^ 

1 end 5 " brown - - _ _ _ =1 end. 

1 " twist (the same as above) - - - - - - -=1 end. 



In pattern 80 ends. 

Price of the 5-run warp yarn, 96 cents per lb. Price of the 5-run woolen yarn (soft-twist) as used 
in twist, 96 cents per lb. Price of the spun-silk as used in twist, $5.60 per lb. 

Selvage. — 40 ends of 2-ply 4-run listing yarn for each side, 4 ends per dent. Price of yarn, 50 cents. 

Filling. — The same arrangement as the warp, only using 5J-run yarn in place of the 5-run. For 
twist use the same material for both minor threads as in warp. 60 picks per inch. Price of the 5J-run 
filling yam, 86 cents. Loss in length of fabric at finishing (fulling), 6 per cent. 

, ( 78 ends 6-run 
Warp.-4,032ends.j ^ „ ^^.^^ 



4,032^80=50 repeats plus 32 ends. 



80 ends in repeat. 
50 >< 78 - 3,900-1-32=3,932 ends of 5-run 50 X 2=100 ends twist. 
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(Ends in warp.) (Yards long.) (Yards wanted.) (5X1,600) 

3,932 X 50 = 196,600 -=- 8,000 =24,575 lbs.(^96/=$23.592,priceof5-run warp. 

100 ends of twist X 50 yards (dressed)=5,000 yards, total length of twist yarn wanted^ 

Take-up of silk (during twisting) 12 per cent. Thus: (100:88 :: x:5,000)=5,681. 81 yards of 30's 
spun silk are wanted. 

Take-up ofwool (during twisting) 3 per cent. Thus : (100:97 :: x :6,000)=5,154.64 yards of 5-run 
woolen yarn are wanted. 

(30X840) (Weight wanted.) (Price per lb.) 
' 5,681.81 -^ 25,200 = 0.2254 lbs. X $5.60 = $1,262^ price of silk yarn used in twist for warp, 

(5X1,600) (Weight wanied.) (Price per lb.) 
5,154.64-=- 8,000= 0.6443 lbs. X 96/ =$0,618, price of the 5-run minor yarn for twist. 

$23,592 cost of 5-run warp yarn. 

1.262 " « 30's spun silk 1 ^ . • . 
* > tor twist. 

0.618 " " 5-run soft twist J 



$25,472, total cost of warp. 
Selvage. — 80 ends X 50 yards dressed=4,000 yards of yarn-T-3,200 (2 X 1,600) =li lbs. 
IJ lbs @ 50/ = 62J/, price of selvage yarn us-ed. 

(Ends in warp.) (14X4) 
Pilling.— 4,032 — 56 = 72 inches, width of cloth in reed. 

80 (ends selvage) h-4 (ends per dent) =20 dents^-14^1? inches, width of selvage. 

72 inches, width of cloth. 
If " " " selvage, 

73f inches, total width. 

{Width of "I < Picks » 
doth. J J per inch. J T 50 "» 

73* X 60 =-^x60=?5^X45 | — _6=10 per cent, take up i=198,257|, total 

number of yards of filling wanted. 

198,2571-5-40=4,956.43X1= 4,956.43 yards of twist. t „„. 

and 4,956.43X39=193,300.77 " " 5i-run. r"'"^ ^^'"^ ^'^ ^^°*^- 

6|-run=8,800 yards per lb. Thus : 

193,300-5-8,800=2111 lbs. @ 85/=$18.671, price of the 5i-run filling. 

_, . f Silk take-up 12 per cent., thus : (100 : 88 : : x : 4,956.43)=6,632H yards are wanted, 

i-wist yarn. I ^^^j " 3"" « " (100:97 :: x:4,956.43)=5,109J? " " 

30's spun silk=25,200 yards per lb. Hence : 

5,632-h25,200=0.2235 lbs., weight of silk wanted @ $5.60=$1.251, price of silk. 
6-run woolen yarn=:8,000 yards per lb. Hence : 
6,109-J-8,000=0.6386 lbs., weight of woolen yarn @ 96/=61.3/, price of the woolen yarn. 

.671 cost of 5J-run filling. 

1.251 " " 30's spun silk. U , . ^ 
'^ > tor twist. 

0.613 " " 5-run soft twist. J 



$20,535, total cost of filling. 
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$25,472, cost of warp. 
0.625, " " selvage. 
20.535, " " filling. 

$46,632, total cost 



45 yards, woven length of cloth. 
— 2.7 " (6 per cent, shrinkage in ful ing). 

42.3 yards, length of cloth when finished. 
46.632-T-42.3=1.124 



Answer. — ^A. The total cost of materials used are $46,632 ($46.64) and 
Angwer. — ^B. The cost of the same per finished yard is $1,124 ($1.13.) 

Fancy Cotton Dress Goods. 

{27 inches finished width.) 



2,204 ends in warp. Reed, 38 X 2. 


Length of cloth from loom, 80 


yards. 




Dressing : 






Dressing : — continued. 






1 end dark blue 
1 end white 


("rround) \ 

^„ ''|X4^ Sends 


1/20's 


1 end dark blue (ground) \ 
1 end white " i 


X4= 8 ends 


l/20'8 


1 end light blue 


" = 1 end 


2/30's 


1 end maroon 


<< 


= 1 end 


2/30'a 


2 ends " " 


(pile) = 2 ends 


2/24's 


2 ends " 


(pile) 


= 2 ends 


2/24'8 


1 end " " 


(ground) = 1 end 


2/30's 


1 end " 


(ground) 


= 1 eud 


2/30's 


8 ends tan 


" =8 ends 


1/20's 


8 ends tan 


It 


= 8 ends 


1/20's 


1 end flesh 


" = 1 end 


2/30's 


1 end Avliite 


it 


= 1 eud 


2/30's 


2 ends " 


(pile) = 2 ends 


2/24's 


2 ends « 


(pile) 


= 2 ends 


2/24'8 


1 end « 


(ground) = 1 cm I 


2/30's 


1 end " 


(ground) 


= 1 end 


2/30's 


1 end white 


" = 1 end 


2/30s 


1 end light blue " 


= 1 end 


2/30'3 


2 ends " 


(pile) = 2 ends 


2/24's 


2 ends " " 


(pile) 


= 2 ends 


2/24'8 


1 end « 


(ground) = 1 end 


2/3U's 


1 end " " 


(ground) 


= 1 end 


2/30'8 


1 end dark blue 
1 end white 


u } X4= 8 ends 


1/20's 


1 end dark blue " \ 
1 end white " i 


X4= 8 ends 


I/2C3 


1 end maroon 


" =1 end 


2/30's 


1 cud " 


(( 


= 1 end 


2/30's 


2 ends " 


(pile) = 2 ends 


2/24's 


2 ends " 


(pile) 


= 2 ends 


2/-J4'8 


1 end " 


(ground) = 1 end 


2/30's 


1 end " 


(ground) 


= 1 end 


2/30's 


8 ends tan 


" = S ends 


1/20's 


8 ends tan 


U 


= 8 ends 


l/20'8 


1 end white 


" = 1 end 


2/30's 


1 end flesh 


ti 


= 1 end 


2/30'8 


2 ends " 


(pile) = 2 ends 


2/24's 


2 ends " 


(pile) 


= 2 ends 


2/24's 


1 end « 


(ground) = 1 end 


2/30's 


1 cud " 


(ground) 


= 1 end 


2/30's 


24 ends tan 


" =24 ends 


1/20's 


24 ends tan 


« 


=24 ends 


l/20'» 



Repeat of pattern, 152 ends. 

Take-up of ground-warps during weaving, 8 per cent. 
Take-up of pile-warp during weaving, 70 per cent. 

Price of warp yarns (including coloring or bleaching) as to their respective counts, are : 

1/20's ground, 30 cents. 
2/.30's ground, 38 cents. 
2/24's pile, 36 cents. 

Selvas?;. — 10 two-ply ends of 2/20's white cotton for each side. 2 double ends per dent 8 per cent 
take u» during weaving. Price of yarn, 22 cents. 
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Filling. — 78 picks per inch. 



Arrangement of colors.- 



- 4 pinks 


white 


8 " 


tan 


4 " 


maroon 


8 " 


tan 


6 " 


white 


8 " 


tan 


4 " 


light blue 


28 " 


tan 


70 picks 


in repeat 



Counts for all the filling 1/20's cotton. 

Price of all the filling yarn, inclusive of coloring and bleaching, 28 cents. 

Length of cloth from loom to equal length finished. 



Warp. — 1/20's ground=112 ends in one pattern 
2/30's « = 20 " " « " 

2/24's pile = 20 " « " " 

152 ends in one repeat of pattern. 

2,204 (ends in warp) -=-152 (repeat of pattern^ =14 J repeats of pattern in width of fabric 
Pattern, with reference as to counts, repeats twice in one re|)eat of pattern. Thus : 

[Take-up dur-l fYards of yarti"! f^ jh of] fvards of yarn 
V"< -av. -;rcloTh cfoth wa.ted J the 

L "'S J [ woven. J [ "" 

112X141=1,624 ends of 1/20's cotton— 8 per cent. — 1,7(55.2174 X 80 

20X14J= 200 " " 2/3C's " — 8 " " — 315.2174 X 80 

20X141= 290 " " 2/24's " —70 " " — 966.66G6 X 80 



'•• J 



euiire piece. 
141,217.392 yds. 
= 25,217.392 " 
= 77,333.328 " 



I Yards of yam wanted I 
1 for the entire piece, j 

14 1,21 7.392 yards. -^ 
25,217.392 " 
77,333.328 " 



{Yard i per I j 
lb. j i 

10.800 = 
1 2,000 = 
10,080 = 



Lbs. of yarn I 
wanted '"r the [■ 
entire piece. J 

8.4058 X 

2.0013 X 

7.6719 X 



Price of 
the j-arn 
per lb. 

30/ 

38 

36 



il 



Value of yarn 

$2.52 
0.76 
2.76 



.04, price of warp yarn. 



Filling. — 29 inches, width of fabric in reed. 
tV " " " selvage in reed. 

29 A inches, total width of cloth in reed. 

556 



29tVx78=( -^x 78) =2,282.5263 yards of filling ^ler yard cloth woven. 
2,282.5263X 80 = 182,602.1040yds. -=- 16,800 = 10.8691 X 28/ = |3.04 



Selvage. — 40 ends. 8 per cent, take-up (100:92:: x:40) required 43.478 yards yarn per yard 
cloth woven. 



( w< 



Length J fYards of selvage"] 
of cloth [• \ wanted for the 
; woven. ) 1. entire piece 

43.478 yards X 80 = 3,478.24 yards -*- 8,400 



[ Price 1 
ler \ 
lb. j 



\ ] 10X140 >■ ] weight of ^ I 
J I ) y selvage. J (. 

0.414 lbs. X 22/=9f, total price of selvage. 
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f6.04 cost of warp, , 
3.04 " " filling, 
0.91 " " selvage, 



9.99h-80=12.487. 



$9.99, total cost. 

Answer. — A. The total cost of materials used in fabric is $9.99, and 
Answer. — B. The value of this stock, per finished yard, is 12.487 cents, practically 12| cents. 

Worsted Suiting. 

3,968 ends 2/32's worsted. Length of warp dressed, 45 yards. Reed, 16x4. 
Arrangement of dressing. — 4 ends black, 

4 ends brown, 
4 ends black, 
4 ends indigo blue. 

16 ends in repeat. 
Price of yarn in the white, (scoured) $1.05 per lb. 
Allowance for waste during spooling, dressing and weaving, 5 per cent. 

Selvage. — 30 double ends of 2/30's white worsted for each side, 4 double ends per dent. Price, 
per lb., 75 cents. 

Filling. — 66 picks, 2/32's worsted. Same arrangement of colors as in warp. Price of yarn in the 
white, (scoured) 95 cents. 

Allowance for waste during spooling and weaving, 6 per cent. 

Length of fabric from loom, 40 yards. Length of fabric finished, 39J yards. 

Cost of coloring yarn, black, 6 cents per lb. ; brown, 6 cents per lb. ; indigo blue, 15 cents per lb. 
(Weight of yarn before coloring to equal its weight when colored.) 

Cost of weaving, 16 cents per yard, from loom. Cost of finishing, 12 cents per yard, finished. 

General mill expenses, 10 cents per yard, finished cloth. 

Warp. — 

/ X i P"ce ) 

(16X560) (Lbs.) jperlb. f (Cost.) 

H- 8,960 = 19.928 X $1.05 = $20.9244 

= 4.982 lbs. (^ 15/ (indigo blue) = .7473 

= 14.946 " " 6/ (black and brown) = .8967 

$22.5684 
6 per cent, allowance for waste, 1.1284 



(Ends ) 
3,968 


/ Yards 1 ( Total "1 
t dressed. / (yards./ 

X 45 = 178,560 


19.928 


-^ 4 = 4.982 X 1 




4.982 X 3 



Total cost of warp yarn, $23.6968 

Selvage. — 60 double ends 2/30's worsted = 20 single ends 2/30's. 

120X45=5,400-=-8,400=fl=A lb. @ 75^=48.214/ 
5 per cent, allowance for waste, 2.410 

Cost of selvage, $0,562 

Filling. — Eeed, 16X4=64 warp threads per inch. 
(Ends in full warp. )-f- (Ends per inch.) 

3,968 -i- 64 =62 inches, width of cloth in reed. 

il " width of selvage (60-^4=15 dents, reed 16=H inch). 



6211 inches, total width of fabric (including selvage) in reed. 
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(Width ) ( Picks ) ( Yards of filling wanted 1 1 Yards ) 
( in reed, j ( per inch. J ( per yard of cloth woven. J ( from loom, j 

6211 X 66 = 4,153| X 40 =166,155 yards of filling wanted in cloth. 

+ 9,969 yards, 6 per cent, allowance for 

[waste. 

176,124 yards, total amount of filling wanted. 
(Total length.) (15 X 560 ) (Total weight. ) 

176,124 -=- 8,960 = 19.6567 lbs. @ 95/^ =$18.6739, cost of filling yarn. 

19.6567-=-4=4.9141Xl= 4.9141 lbs. (^15 = 0.7371, " " indigo blue color. 

4.9141X3=14.7426 lbs. (^ 6 = 0.8845, " " black and brown colors. 



$20.2955, total cost of filling yarn. 
40 X16f=$6.40, cost of weaving. 
39iXl2 =$4.71, " " finishing. 
39 J X 10 ==$3.93, general mill expenses (office insurance, watchmen, mechanics, per cent, on capital, etc.) 

$23.70 cost of warp. 



0.51 " " selvage. 
20.30 " " filling. 
6.40 " " weaving. 
4.71 " " finishing. 
3.93 general mill expenses. 



$59.55H-39i=$1.517, 



$59.55 
Answer. — A. $59.55, total cost of the fabric. 
Answer. — B. $1.52, cost of fabric per' finished yard. 

Beaver Overcoating. (Piece-dyed.) 

4,800 ends in warp. Reed, 10X6. 42 yards long, dressed. . 
Arrangement of dressing. — 2 ends face, 5J-run. Price of yarn per lb., $1.26. 

1 end back, 6-run " " " " " .84. 

3 ends in repeat. 

Filling. — 2 picks face, 5J-run. Price of yarn per lb., $1.18. 
1 pick back, l|-run. " " " " " .40. 

3 picks in repeat. 

16 cents for weaving. 



80 picks per inch. 



4 " general weave room expenses. 

20 cents per yard from loom for weaving. 

Selvage. — 40 ends of 2-run listing yarn (each side). Price, 50 cents per lb. 3 ends per dent 
(outside dent 4). 

Take-up of warp during weaving, 11 per cent. Take-up of cloth during finishing (fulling), 10 
per cent. Flocks used during fulling process, 20 lbs. at 8 cents per lb. Cost of finishing and ing, 
25 cents per yard, finished. General mill expenses, 10 cents per yard, finished. 

Warp.— 4,800^3=1,600. 

(Yards wanted.) 
1,600X2=3,200 ends 5J-runX42= 134,400 --8,800=15A lbs. @ $1.25=$19.09. 
1,600X1=1,600 ends 5-run X42= 67,200 -h8,000= 8 f lbs. (^ .84= 7.06. 



Cost of warp, $26.15. 
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(Yards wanted.) 
Selvage.— 80 ends 2-ninX42= 3,360 --3,200=1.05 lbs. @50;^=52J^ (53/0, cost of selvage. 

Filling. — Reed, 10X6=60 ends per inch and 
4,800-T-60=8() inches, width of cloth in reed. 

2 6" " " selvage (80-1-3=26 dents=2.6 inches). 

82.6 inches, total width. 

82.6X80^=6,608 yards (total amount of filling per yard woven). 
6,608 -=-3=2,2u2| and 2,202§ X 2=4,405^^ yards face filling. 
2,202|X1=2,202| " backing. 

1 1 per cent, take-up of warp during weaving. 

100:89 :: 42•.x=^9X42=3,73^-=-100=37.38 yards, woven length. 

Hence: 4,405^X37.38=164.671.3") yards 5i-run=18.712 lbs @ |1.18=$22.10 
2,2021X37.38= 82,33-5.67 " If " =^9.456 " @ .40= 11.78 



Cost of filling, $33.88 
37.38 X20/=$7.47, cost of weaving. 
10 per cent, shrinkage of clotli during finishing. Hence : 

100:90 :: 37.38 :x=(90X37.38=)3,360.20-f-100=33.64 yards, finished length. 

$26.15 cose of warp. „„ „ . „.^ »„ ., ~„ ... 

^ ^ 33.64 X 2o^=$8.41 co-st of finishmg. 

33.64X10 = 3.37 general mill expense 

20 X 8 = 1.60 cost of flocks. 



.53 




" selvage. 


33.88 




" filling. 


7.47 




" weaving. 


8.41 




" finishing. 


3.37 




" general expenses 


1.60 




" flocks. 



81.41 -f-33.64=2.42. 

" " HocUs. 

il.41 

Anmoer. — A. $81.41, total cost of the fabric. 
Answer. — B. $ 2.42, cost of fabric per yard, finished. 

Ingrain Carpet. {Extra fine ; Cotton chain, Worsted Filling) 

832 ends iu warp, 2/14's cotton, 5 per cent, take-up by weaving and shrinkage in finishing, etc 
Finished length of fal)ric, 60 yards. 

Cost of yarn, 17 ^ per lb. 

Cost of color, 5 " " (average price). 

Winding and beaming, 2| " " 



24 J^, price of warp yarn per lb. on beam. 

Selvage. — Four ends of 4/10's cotton on each side. Price, 20 cents per lb. (same amount of take- 
up as war[)). 

Filling. — 10 pair, (in finished fabric) 36 inches, width of fabric iu loom. 

Yaru used : One-half the amount 5/8's single, light colors (50 yards per oz. in the grease). Price, 
16J cents i)er lb. in the grease, or 26|- cents per lb. scoured and colored. One-half the amount 6/8's 
sino'le, dark colors (48 yards per.oz. iu the grease). Price, 12 cents per lb. in the grease, or 20 cents 
per lb. scoured and colored. 

Loss (average) of weight for filling in scouring and dyeing, 16 per cent. Waste of filling (average) 
in winding and weaving, 15 per cent. 
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Length of the yarn to remain uniform from the grease to colored. Weaving and weave-room 
expenses, 10 cents per yard finished fabric. General mill expenses, 5 cents per yard finished fabric. 

Warp. — 832 ends 2/14's cotton, 5 per cent, take-up, 60 yards finished length, 2-tJ cents per lb. 
100:95 :: x:832=8:i,200-H95=:875Hx 60=52,547.37 yards, total amount of yarn wanted. 
2/14's=:5,880 yards per lb. Hence : 52,547.37-4-5,880=8.9536 lbs., total weight of yarn wanted. 
'8,9536 lbs. @ 24^^=12.1936 (=$2.20) cost of warp-yarn. 

Selvage.— 4 X 2=8 X 60=480. 

100:95 : X :: 480=48,000-=-95=505.26 yards, total length of selvage yam wanted. 

4/10's=2,100 yards per lb. Hence: 505.26^2,100=0.24 lbs., total weiglit, 

0.24 lbs. @ 20/=4.A/ (=5^) cost of selvage. 

Filling. — 20 picks per inch in finished fabric. 36 inches, width of fabric. 

36X60=2,160X20=43,200 yards, total amount wanted in fabric. 

{2 1 ,600 yards light colored yarn, at 50 yards per oz. in the grease. 
21,600 yards daric colored yarn, at 48 yards per oz. in tlie grease. 
60X16^800 yards per lb. for ligiit colors. 48 X 16^768 yards per lb. for dark colors. 

21,600h-80O=27 lbs., weight in the grease. 

85X27 
100:85 :: 27: x =: —=22.95 lbs., weight of yarn scoured and colored. 

22.95 lbs.@26J^=$6.082, cost of light colored filling used in fabric. 
21,600-^768=28.12 lbs., weight in the grease. 

85 X 28 1 2 
100:85 :: 28.12:x^ —-"'=23.90 lbs., weight of yarn scoured and colored. 

23.9 lbs. @ 20/^=:i^$4.78, cost of dark colored filling used in fabric. 

$ 6.082 light colored. 
4.780 dark " 



24.01-^60=0.40 



$10,862, total value of filling used in fabric, subjected to 15 per cent, waste of material in winding 
and weaving. Hence: 

100:85 :: x: 10.86= — '- =12.776,costof filling, including of waste made in windingand weaving. 
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Cast of warp, I 2.194 

Cost of selvage, 0.048 

Cost of filling, 12.776 

Weaving and weaveroom expenses, 6.000 (60 yards x^*^ cents) 

General mill expenses, 3.000 (60 yards X Scents) 

$24,018 

Answer. — A. $24.02, total cost of tlie fabric. 
Aruswer. — B. 40 cents, cost of fabric per yard finished. 

Ingrain Carpet. (Extra Super; Worsted Chain.) 

1,072 ends in warp, 2/14's worsted, 5 per cent, take up by weaving and shrinkage in finishing, etc 
Price of yarn, including coloring (average) and winding and beaming, 52J cents per lb. 

Selvage. — Four ends of 4/10's cotton on each side. 

Price, 20 cents per lb. (.<anie amount cf take up as warp). 

Fillino'. — 13 pair (in finished fabric) 36 inches, width of fabric in loom. 
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Arrangement. — 1 pick double reel yarn (60 yards per oz. in the grease.) Price, 22 cents 
per lb. in the grease, or 33 cents per lb. scoured and dyed. 
1 pick, 5/8's single, light color (50 yards per oz. in the grease). Price 16 J 

cents per lb. in the grease, or 26J cents per lb. scoured and dyed. 
1 pick, double reel (as before). 

1 pick 5/8's, single dark color (48 yards per oz. in the grease). Price, 12 

cents per lb. in the grease, or 20 cents per lb. scoured and dyed. 

Loss of weight (average) for filling in scouring and dyeing, 12| per cent. Waste (average) of 

fiUing in, winding and weaving, 12J per cent. No shrinkage for yarn during scouring and coloring. 

Weaving and weaveroom expenses, 1 2 cents per finished yard. General mill expenses, 6 cents per 

finished yard. 

Warp. — 1,072 ends, 2/14's worsted, 5 per cent, shrinkage. Price, 52J cents per lb. 
100: 95 ::x: 1,072=107,200^95=1,128.421 X60::3=67,705.26 yards, total amount ofwarp yarn wanted. 
2/14's=3,920 yards per lb. Hence : 67,705.26-^-3,920=17.27 lbs., total weight. 
17.27 lbs.@52|/=$9.066, value of warp yarn. 

Selvage. — (The same as in previously given Example) 5 cents. 

Filling. — 26 picks, 36 inches, 60 yards. Hence : 

26X36X60=56,160 yards, total amount of filling wanted in fabric. 
56,160^4=14,040. Hence : 

14,040X2=28,080 yards of double reelyarn@33^ per lb. 
14,040X1=14,040 " " 5/8's single light color@26i/ per lb. 
14,040X1=14,040 " « 5/8's single dark color@20 per lb. 
60X16=960 yards per lb. and 28,080-^960=29^ lbs. @ 33 /=$9.652, value of double reel, 
50X 16=800 yards per lb. and 14.040-=-800=17.55 lbs. @ 26J =$4.66, value of 5/8's light color. 
48X16=768 yards per lb. and 14,040-^-768=18.28 lbs. @ 20 =$3,656, value of 5/8's dark color. 
$9,652 value of double reel. 
4.650 " 5/8's light color. 

3.656 ■ " 5/8's dark color. 



$17,958, total value of filling used in carpet (subject to 12 J per cent, waste in winding and weaving). 

- 100: 87.5 :: x : 17.958=l,795.8-:-87.5=$20.523, cost of all the filling in fabric and waste. 

Memo. — The same answer as to the cost of filling, maj be obtained by calculating the 12^^ per cent, loss of ma- 
terial during winding and weaving to the amount of filling wanted in the fabric, as follows : 

56,160 yards total amount of filling wanted. Thus ; 

100:87.5:: x :56,160=5,616,000-:-87.5=64,182.856^4=16,045.714. 

16,045.714x2=32,091.428-^-960=33.428X33 =$11,031 

16,045.714-^800=20.057x26.5= 5.315 

16,045.714-^768=20.891x20 = 4.178 



40.437-^60=0.67. 



$20,523, being the same answer as before. 
Cost of warp, $ 9.066 

Cost of selvage, 0.048 

Cost of filling, 20.523 

Weaving and weave- | 7.200 (60 yards @ 12/.) 

room expenses, } 
General mill expenses, 3.600 (60 yards @ 6/.) 

$40,437 
Answer. — A. $40.44, total cost of fabric. 
Answer. — B. 67/, cost of fabric per yard, finished. 



STRUCTURE OF TEXTILE FABRICS. 



To produce a perfect fabric the following points must be taken into consideration : The purpose 
of wear that thfe fabric will be subjebt to, the nature of the raw material to be used in its construc- 
tion, the size or counts of the yarns and their amount of twist, the texture (number of ends of warp 
and filling per inch) to be used, the weave and " take up " of the cloth during weaving, the process of 
finishing and the shrinkage of the cloth during this operation. 

THE PURPOSE OF WEAR THAT THE FABRIC WILL BE SUBJECT TO. 

This point must be taken into consideration when calculating for the construction of a fabric for 
the following reasons : The more wear a fabric is subject to, the closer in construction the same 
must be; also the stronger the fibres of the raw material as well as the amount of twist of the yam. 
For this reason upholstery fabrics, such as lounge covers, must be made with a closer texture and of a 
stronger yarn than curtains. Woolen fabrics, for men's wear, are in an average more subject to wear than 
dress goods made out of the same material; hence the former require a stronger structure. Again, 
let us consider woolen cloth for men's wear by itself, such as trouserings or chinchilla overcoatings. No 
doubt the student will readily understand that such of the cloth as is made for trouserings must be made 
of a stronger construction, to resist the greater amount of wear, compared to such cloth as made for the 
use of overcoatings which actually are subject to little wear, and for which only care must be taken to 
produce a cloth permitting air to enter and remain in its pores, assisting in this manner in producing a 
cloth with the greatest chances for retaining the heat to the human body. 

THE NATURE OF RAW MATERIALS. 

The selection of the proper quality of the material to use in the construction of a fabric is a point 
which can only be mastered by practical experience. No doubt a thorough study of the nature of raw 
materials, as well as the different processes they undergo before the thread as used by the weaver, 
(either for warp or filling) is produced, will greatly assist the novice to master this subject. For this 
reason the diiferent raw materials, as used in the construction of textile fabrics and the different pro- 
cesses necessary for converting the same into yarn, have been previously explained. 

As known to the student every woven fabric is constructed by raising or lowering one system of 
threads (technically known as warp) over threads from another system (technically known as filling). 
This will readily illustrate that the warp threads of any woven cloth are subjected to more or less 
chafing against each other during the process of weaving. 

There will be more chafing the higher the warp texture, and the rougher the surface of the yarn. 
In some instances the manufacturer tries to reduce this roughness by means of sizing or starching the 
yarn during the process preceding weaving and known as " dressing ; " but sizing will correspondingly 
stiffen the warp yarns, and reduce their chances for bending easily around the filling, and the warp will 
take up the filling harder than if the yarn was not sized. If, by means of sizing, the chafing is not 
dispensed with, we must reduce the warp texture to the proper point where perfect weaving is possible. 
No doubt the using of proper warp texture is so greatly neglected, that many a poor weaver's family is 
suffering by its cause. 

To illustrate the roughness of the different yarns as used in the manufacture of textile fabrics the 
five illustrations, Figs. 1 to 5 are given : Fig. 1 represents a woolen thread ; Fig. 2 represents worsted 
yarn ; Fig. 3 represents mohair ; Fig. 4 i-epresents cotton yarn ; Fig. 5 represents silk yarn. 
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An examination of these five illustrations shows the silk yarn to be the smoothest, followed in 
rotation, getting gradually rougher by cotton, mohair and worsted, until reaching the woolen thread which 
represents the roughest surface. These illustrations will also show tiiat (in an average) a woolen fabric 
requires a lower texture than a worsted cloth, or a cotton cloth, and a silk fabric a higher texture 




Pig. 1 



Fig. 2 



Fig. 3 



Fig. 4 



Fig. 5 



compared to fabrics made out of other materials. In addition to the roughness of the surface of a thread, 
we must al.>iO take into consideration tlie plinbility of the fibres, for the softer the pile of the yarn the 
less the chafing will influence the strength of the yarn, whereas a coarse and stifiF fibre will produce thy 
reverse result. 



COUNTS OF YARN REQUIRED TO PRODUCE A PERFECT STRUCTURE 

OF CLOTH. 

In speaking of the size or counts of a thread we mean the weight of solidity, or the bulkiness 
of a thread, or in otlier words the diameter of the same. These diameters in threads do not vary in the 
direct ratio to the respective cnunts, but do vary as to tiie square roots of their counts. Ihus, if we find 
the diameter of a thread it will be easy for us to ascertain how many of those threads can rest side by 
side in one inch. 

Rule for finding the number of ends which in Cotton, Woolen, Worsted, Linen and Silk 

Yarns can lie side by side in one inch. 

Find number of yards per pound for the yarn in question and extract the square root of this 
number. From tliis square root deduct four per cent, for raw-silk yarns, seven per cent, for cotton, spun 
silk and linen yarns, ten per cent, for worsted yarns, and sixteen ])or cent, for woolen yarns. The 
answer in each case indicate-i the number of threads that will lie side by side iu one inch (without being 
interlaced at right angles by another system). 

Example. — Find number of threads of I's cotton yarn which will lie side by side in one inch. 
840 yards per lb. Thus: i/«4(J=28.9 2.S.9 

— 2.0 (7 per cent.) 

26.9 

Answer. — 26tV threads (practically 27) of single I's cotton yarn will rest side by side in one inch. 

Example. — Find number of tliread-s of 2's cotton yarn which will lie side by side in one inch. 
840X2=1680 yards per lb. Thus: j/I^=40.9 40.9 

— 2.8 (7 per cent.) 



38.1 



Answer. — 38iV threads (practically 38) of single 2's cotton yarn will rest side by side in one inch. 
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Kvample. — Find nnttibpr of ends of 2/i")0's cotton yarn which will lie side by side in one inch. 
2/50'scottou=l/25'!i=840X2o=21,000yardsi)er]b. Thus: V •IY~m)=U-i.d 144.9 

— 10.1 "(7 percent.) 



134.8 
Answer. — 1341 threads (practically 135) of 2/50's cotton yarn will rest side by side in one inch. 

Example. — Find nnniber of threads of 6-run woolen yarn which will lie side by side in one inch. 

6-run=9,600 yards per lb. Thus: l/y,(JOO=97.97 97.97 

— 15.G7 (16 per cent.) 



82.30 
Answer. — 82^is threads (practically 82) of 6-run woolen yarn will rest side by side in one inch. 

Example. — Find number of threads of 22-cut woolen yarn which will lie side by side in one inch. 
22-cut=U,600 yards per lb. Thus: l/6,600 =81.24 81.24 

— 12.99 (16 percent.) 

68.25 
Answer. — 68 J threads (practically 68) of 22-out woolen yarn will lie side by side in one inch. 

Exampie. — Find number of ends of 2/32's worsted that will lie side by side in one inch. 
2/32's=single 16's=560 X 16=8,960 yards per lb. Thus : 1/8^960=94.6 94.6 

— 9.4 (10 per cent.) 

85.2 
Answer. — 85A threads (practically 85) will lie side by side in one inch. 

Example. — Find number of threads of 40/3-ply spun silk which will lie side by side in one inch. 
40/3-ply=33,600 yards per lb. Thus: i/33,6O0=183.3 183.3 

— 12.8 (7 percent.) 

170.5 
Answer. — 170 J threads (practically 170) of 40/3-ply spun silk will rest side by side in one inch. 

Example. — Find number of threads of 4-dram raw silk M'hich lie side by side in one inch. 
4-dram raw silk=64,000 yards per lb. Thus: ^04,000=252.9 252.9 

— 10.1 (4 per cent.) 

242.8 
Av^joer. — 2424 threads (practically 213) of 4-drara silk will rest side by side in one inch. 

To illustrate clearly to the student ihat the diameter of a thread (». e., respectively the number of 
threads which will lie .side by side in one inch) docs not vary in the direct ratio to its counts, but in the 
ratio of the square root of its counts, we give three examples, using for the first example a single yarn ; 
for the next the same number in 2-ply; and for the third the same number in 3-ply. 

Examples. — Find number of 1 breads that will lie side by side for the following yarns : Single 
30's cotton, 2/30's cotton, and 3/30's cotton yarn. 

30's cotton=25,200 yards per lb. 
Thus: i/25;200=158.7 158.7 

— 1 1.1 (7 per cent.) 

147.6 threads (practically 1 48) of 30's cotton yarn will lie side by side in one inch. 
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Thus: t/12,600=112.2 



2/30's cotton=12,600 yards per lb. 
112.2 
- 7.9 (7 per cent.) 



Thus: p/8;406=91.6 



104.3 threads (practically 104) of 2/30's cotton yarn will lie side by side in 
one inch. 

3/30's cotton=8,400 yards per lb. 
1.6 
— 6.4 (7 per cent.) 

85.2 threads (practically 85) of 3/30's cotton yarn will lie side by side in 
one inch. 

Answer. — Single 30's cotton=:148 threads per inch. 
2/30's " =104 " " " 
3/30's " = 85 " " « 

Table Showing the Number of Ends of Cotton Yarn from Single 5's to 2/160's that Will Lie 

Side by Side in One Inch. 



Counts. 


Yards per 
Pound. 


Square 
Root. 


7 
Per Cent. 


Diameter, 
or Ends 


Counts. 


Yards per 
Pound, 


Square 
Root. 


Per Cent. 


Diameter, 
or Ends 






per inch. 








Single. 


Double. 








Single. 


Double. 








per inch. 


5 


2/10 


4,200 


64.8 


4-5 


60.3 


22 


2/44 


18,480 


135-9 


9-5 


126.4 


6 


2/12 


5,040 


70.9 


5-0 


659 


24 


2/48 


20,160 


141.8 


9-9 


131-9 


7 


2/14 


5,880 


76.6 


5.4 


71.2 


26 


2/52 


21,840 


147-7 


10.3 


137-4 


8 


2/16 


6,720 


81.9 


5-7 


76.2 


28 


2/56 


23,520 


1533 


10.7 


142.6 


10 


2/20 


8,400 


91.6 


6.4 


85.2 


30 


2/60 


25,200 


158.7 


H.I 


147.6 


II 


2/22 


9,240 


96.1 


6.7 


89.4 


32 


2/64 


26,880 


163.8 


11-5 


152.3 


12 


2/24 


10,080 


100.3 


7.0 


93-3 


34 


2/68 


28,560 


168.9 


11.8 


157-1 


13 


2/26 


10,920 


104.4 


7-3 


97.1 


36 


2/72 


30,240 


173-8 


12.2 


161.6 


14 


2/28 


11,760 


108.4 


76 


100.8 


3» 


2/76 


31,920 


178.6 


12.5 


166.1 


15 


2/30 


12,600 


112.2 


Z-9 


104.3 


40 


2/80 


33,600 


183-3 


12.8 


170.5 


16 


2/32 


13,440 


"5-9 


8.1 


107.8 


45 


2/90 


37,800 


194.4 


13-6 


180.8 


17 


2/34 


14,280 


1 19.4 


8.3 


III. I 


50 


2/100 


42,000 


204.9 


14-3 


190.6 


18 


2/36 


15,120 


122.9 


8.6 


114. 3 


60 


2/120 


50,400 


224.4 


15-7 


208.7 


19 


2/3« 


15,960 


126.3 


8.8 


117.5 


70 


2/140 


58,800 


242.4 


17.0 


225.4 


20 


2/40 


16,800 


129.6 


9.0 


120.6 


80 


2/160 


67, 200 


259.2 


18.1 


241. 1 



For Spun Silks use also above table, but only refer to single count column for reference for any number of ply 
of spun silk. 

Table Showing the Number of Ends of 'Woolen Yarn "Run Basis," from i-run to 10-run, 

that Will Lie Side by Side in One Inch. 



Run. 


Yards per 
Pound. 


Square 
Root. 


16 
Per Cent. 


Diameter, 

or Ends 

Per Inch. 


Run. 


Yards per 
Pound. 


Square 
Root. 


16 

Per Cent. 


Diameter, 

or Ends 

Per Inch. 


I 


1,600 


40.0 


6.4 


33-6 


AK 


7,600 


87.2 


14.0 


73-3 


iX 


2,000 


44.7 


7.2 


37-5 


5 


8,000 


89.4 


143 


75-1 


vA 


2,400 


49-7 


8.0 


41.7 


5X 


8,400 


91.6 


14-7 


76.9 


1^ 


2,800 


52.8 


8.4 


44-4 


5/5 


8,800 


93-8 


15-0 


78.8 


2 . 


3,200 


56.5 


9.0 


47-5 


5^ 


9,200 


95-8 


15.3 


80.5 


2^ 


3,600 


60.0 


9.6 


50.4 


6 


9,600 


97-9 


15-6 


82.3 


2% 


4,000 


63.2 


10. 1 


53-1 


ey. 


10,000 


lOO.O 


16.0 


84.0 


2|^ 


4,400 


66.3 


10.6 


55-7 


ey^ 


10,400 


IOI.9 


16.3 


85.6 


3 


4,800 


69.2 


II.O 


58.2 


(>K 


10,800 


103.9 


16.6 


873 


3X 


5,200 


72.1 


11.5 


60.6 


7 


11,200 


1058 


16.9 


889 


3K 


5,600 


74.8 


11.9 


62.9 


rA 


12,000 


109-5 


17-5 


92.0 


3^ 


6,000 


77.4 


• 12.3 


65.1 


8 


12,800 


113-1 


18.1 


95-0 


4 . 


6,400 


80.0 


12.8 


67.2 


sy. 


13,600 


II6.6 


18.6 


98.0 


4X 


6,800 


82.4 


13- 1 


69-3 


9.0 


14,400 


120.0 


19.2 


100.8 


AVz 


7,200 


84.8 


13-5 


71-3 


10 


16,000 


126.4 


20.2 


106.2 
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Table Showing the Number of Ends of Woolen Yarn " Ciit Basis," from 6-cut to 50-cut 

that Will Lie Side by Side in One Inch. 



Cut. 


Yards per 
Pound. 


Square 
Root. 


i6 
Per Cent. 


Diameter, 

or Ends 

Per Inch. 


Cut. 


Yards per 
Pound. 


Square 
Root. 


16 
Per Cent. 


Diameter, 

or Ends 

Per Inch. 


6 


1,800 


42.4 


6.8 


35.6 


22 


6,600 


81.2 


13 -o 


68.2 


d 


2,400 


49-7 


8.0 


41.7 


23 


6,900 


83.0 


13-3 


69.7 


9 


2,700 


519 


8.3 


43-6 


24 


7,200 


84.8 


13-5 


71-3 


10 


3,000 


■54-7 


8.8 


45-9 


25 


■7,500 


86.6 


13-8 


72.8 


II 


3.300 


57-4 


9.2 


48.2 


26 


7,800 


88.3 


14. 1 


74.2 


12 


3,600 


60.0 


9.6 


50.4 


27 


8,100 


90.0 


14.4 


75-6 


13 


3,900 


62.4 


10 .0 


52-4 


28 


8,400 


91.6 


14.7 


77 -o 


14 


4,200 


64.8 


10.4 


54.4 


29 


8,700 


93-2 


14.9 


78.3 


15 


4,500 


67.0 


10.7 


56.3 


30 


9,000 


94.8 


15-2 


79.6 


16 


4,800 


69 2 


II.O 


58.2 


32 


9,600 


97-9 


15-7 


82.2 


17 


5,100 


71.4 


11.4 


60.0 


34 


10,200 


100.9 


161 


84.8 


18 


5,400 


73-5 


11.8 


61.7 


36 


10,800 


103.4 


16.5 


86.9 


19 


5,700 


75-4 


12.0 


63-4 


40 


12,000 


109.5 


17-5 


92.0 


20 


6,000 


77.4 


12-3 


65.1 


45 


13,500 


116. 1 


18.6 


97-5 


21 


6,300 


79-3 


12.7 


66.6 


50 


15,000 


122.4 


19.6 


102.8 



Table Showing the Number of Ends of " W^orsted Yarn," from Single 5's to 2/160 that 

Will Lie Side by Side in One Inch. 





















Diameter, 




Yards per 
Pound. 


Square 
Root. 


10 
Per Cent. 


or Ends 






Yards per 
Pound. 


Square 


10 
Per Cent. 


or Ends 


Single. 


Double. 


per Inch. 


Single. 


Double. 


Root. 


per inch. 


5 


2/10 


2,800 


52.9 


5-3 


47.6 


22 


2/44 


12,320 


110.9 


II. I 


99-8 


6 


2/12 


3,360 


57-9 


5*8 


52.1 


24 


2/48 


13,440, 


II5-9' 


II. 6 


1043 


7 


2/14 


3,920 


62.6 


6.3 


56.3 


26 


2/.S2 


14,560 


120.6 


12. 1 


108.5 


8 


2/16 


4,480 


66.8 


6.7 


60 I 


28 


2/56 


15,680 


125.2 


12.5 


112.7 


10 


2/20 


5,600 


748 


7-5 


67.3 


30 


2/60 


16, 800 


129.6 


13.0 


116.6 


II 


2/22 


6,160 


78.4 


7.8 


70.6 


32 


2/64 


17,920 


133-8 


13-4 


120.4 


12 


2/24 


6,720 


81.9 


8.2 


73-7 


34 


2/68 


19,040 


137-9 


13-8 


124. 1 


13 


2/26 


7,280 


85.3 


8.5 


76.8 


36 


2/72 


- 20, 160 


141.8 


14.2 


127.6 


14 


2/28 


7,840 


88.5 


8.8 


79-7 


38 


2/76 


21,280 


1458 


14.6 


131.2 


15 


2/30 


8,400 


91.6 


9.2 


82.4 


40 


2/80 


22,400 


149.6 


150 


134.6 


16 


2/32 


8,960 


94-6. 


9-4 


85.2 


45 


2/90 


25, 200 


158.6 


15-9 


142.7 


17 


2/34 


9,520 


97-5 


9-7 


878 


50 


2/100 


28,000 


167.3 


16.7 


150.6 


18 


2/36 


10,080 


100.3 


lO.O 


90.3 


60 


2/120 


33,600 


183-3 


18.3 


165.0 


19 


2/38 


10,640 


103. 1 


10.3 


92.8 


70 


2/140 


39,200 


197.9 


19.8 


178. 1 


20 


2/40 


11,200 


105.8 


10.6 


95-2 


80 


2/160 


44,800 


211. 6 


21.2 


190.4 



Table Showing the Number of Ends of Raw Silk Yarn, from 20 Drams to i Dram, that 

will Lie Side by Side in One Inch. 



Dram. 


Yards per 
Pound 


Square 
Root. 


4 
per Cent. 


Diameter, 
or Ends 
per inch. 


Dram. 


Yards per 
Pound 


Square 
Root. 


II 
Per Cent. 


Diameter, 
or Ends 
per inch. 


20 


12,800 


II3-1 


4-5 


108.6 


5 , 


51,200 


226 2 


9.0 


217.2 


18 


14,222 


1 19. 2 


48 


114-4 


AYa: 


53,368 


231.0 


■ 9-2 


221.8 


16 


16,000 


126.4 


5-0 


121. 4 


aVz 


56,889 


238.5 


9-5 


229.0 


14 


18,286 


135-2 


5-4 


129.8 


4X 


60,235 


2454 


9-8 


2356 


12 


21,333 


146.0 


5-8 


140.2 


4 . 


64,000 


252.9 


10. 1 


242.8 


10 


25,600 , 


i6ci.o 


6.4 


153-6 


3^ 


68,267 


261.2 


10.4 


250.8 


9K 


26,947 


164. 1 


6.6 


157-5 


i% 


■73.143 


270.4 


10.8 


2596 


9 


28,444 


168.6 


6.7 


161 9 


3X 


78,769 


280.6 


II. 2 


2694. 


8K 


30,118 


173-5 


6.9 


166.6 


■ 3 ^ 


85,333 


292.1 


11.7 


280.4 


8 


32,000 


178.8 


7-1 


171-7 


2J^ 


93,091 


305-1 


12.2 


2929 


VA 


34,133 


184-7 


7-4 


177-3 


2K 


102,400 


320.0 


12.8 


307.2 


7 


36,571 


191. 2 


7-6 


183.6 


2X 


"3,777 


337-2 


13-5 


323-7 


6K 


39,385 


19S.4 


7-9 


190.5 


2 


128,000 


357-7 


14-3 


343-4 


6 


42,667 


206.5 


8.2 


198-3 


IX 


170,666 


413-1 


16.5 


396.6 


• 5>^ 


46,545 


215-7 


8.6 


207.1 


1 


256,600 


505-9 


20.2 


485-7 
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Table Showing the Number of Ends of Linen Yarns from lo's to loo's that Will Lie Side 

by Side in One Inch. 



Counts. 



lo 

12 

14 
]6 
]8 

20 
22 

24 
26 
28 
3° 
32 

34 
36 
38 



Yards per 
Pound. 



3,000 
3,600 
4.200 
4,800 
5.400 
6,000 
6,600 
7,200 
7,800 
8,400 
9,000 
9,600 
10,200 
10,800 
11,400 



Square 


7 


Root. 


Per Cent 


54.7 


38 


6u.o 


4.0 


64.8 


45 


69.2 


48 


73-5 


51 


77-4 


5-4 


81.2 


57 


84.8 


59 


883 


6.1 


91.6 


64 


94.8 


6.6 


97-9 


68 


100.9 


7.0 


1039 


7 2 


106.7 


74 



Diameter, 

or Etids 

Per Inch. 



50.9 
56.0 
60.3 
64.4 
68.4 
72.0 
75-5 
789 
82.2 
85.2 
88.2 
91. 1 

9,^-9 
96.7 

99 3 



Counts. 



40 
42 

44 
46 
48 
50 
55 
60 

65 

70 

75 
80 

85 

90 

100 



Yards per 
Pound. 



12,000 
12.600 
13,200 
13.800 
14,400 
15,000 
16,500 
18,000 
19.500 
21,000 
22,500 
24,000 
25.500 
27,' 00 
30,000 



Square 


7 


Root 


Per Cent 


109-5 


76 


112.2 


78 


1148 


8-0 


1174 


8.2 


120.0 


84 


122 4 


86 


128.4 


9.0 


134 f 


93 


1396 


98 


1449 


TO.O 


150.0 


10 5 


154-9 


108 


1596 


II 2 


1643 


"5 


173.2 


12 I 



Diameter, 

or Jinds 

Per Inch. 



loi 9 
1044 
106 8 
109.2 
III 6 
1138 
1194 
1248 
1298 
1349 
1395 
144 I 
1484 

1,S2 8 

161,1 



TO FIND THE DIAMETER OF A THREAD BY MEANS OF A GIVEN DIAMETER 

OF ANOTHER COUNT OF YARN. 

If the numlier of threads of a given count which will lie side by side (t. <•., its diameter) in one 
inch (without riding) are known, tlie required number of threads (which will also lie side by side) 
for anutiier count of the tame system can be found by — 

Hide. — The given counts of which we know the diameter are to the counts for which we have to 
find the diameter in the same ratio as the given diam. ter squared is to the required diameter squared. 

Example. — As shown in a previous example, 148 thn ads of single 30's cotton yarn will lie side by 
side in one inch (or the diameter of a thread of 30'd cotton yarn i.s the lis jiart of one inch); required 
to find by rule given the number of threads that will lie side by side in one inch for 2/30's cotton yarn. 

2/30's=single 1 5's., 

j Given counts. } : j Required counts. } :: { ^^ SreXuntl"' f •- ] tTrf^^irVi^Z^^' \ 

30 : 15 :: 146' : x 

1/15X148X148 



30 



Thus: 15Xl48Xl48=328,560-i-30=10,952, and i/10,962^104 



Answer. — 104 threads of 2/30's, or 1/15's cotton yarn, will lie .side by side in one inch. 
Proo/.— 2/30 cotton yarn= 12,600 yards per lb. 
Thus: 1/12^0=112.2 112.2 

— 7.9 (7 per cent.) 

104.3 (practically 104) being the same answer as previously received. 

Example. — 85 threads of 2/32's worsted yarn will lie side by side in one inch, required to find 
ihe number of threads which will lie side by side, in one inch with 2/40's worsted yarn. 

2/30's=l/16's 2/40's=l/20's. 



16:20:: 85': x, or 



T^^20x-s5X85 
16 



and 85X85x20=144,500-^-16=9,031 l/9,031=95 



Answer. — 95 threads of 2/40's worsted yarn will lie side by side in one inch. 
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Proo/.— 2/40's worstecl=560x20=ll,200 yards per lb. 
Thus: 1/11,200=105 105 

— 10 (10 percent.) 

y5, being the same answer as received by the previons process. 

Example. — 84 threads of 6J-rim woolen yarn lie side by side in one inch, required to find the 
number of threads which will lie side by side in 4-run woolen yarn. 

6i:4::84'': x or ^i>^-^^ and 84X84=7,056 X4=28,224-=-6i=4,515 and \/4^=61.2 

Answer. — 67 threads (actually 67.2) of 4-run woolen yarn will lie side by side ia one inch. 
Proof. — 4-run=4X 1,600=6,400 yards per lb. 



Thus: 1/6,400=80.0 80.0 
—12.8 

67.2, being the same answer as previously received. 

Example. — 68} threads per inch is the average number of threads wliich will lie side by side/or 
22-cut woolen yarn, required to find the number of threads for 30-cut woolen yarn. 

22:30:: 681": x or 68^X68^X30 ^^^ 

68.25X68.25x30=139,741.875^2-2=6,351. 1/6^351=79 
Answer. — 79 threads of 30-cut woolen vara will lie side by side in one inch. 
Proof. — 30-cut wooli'n yarn^9,000 yards per lb. 

Thus : 1/9,000=94 94 

— 15 (16 per cent.) 

79, being the same answer as received by previously given process. 

TO FIND THE COUNTS OF YARN REQUIRED FOR A GIVEN WARP 

TEXTURE BY MEANS OF A KNOWN WARP TEXTURE WITH THE 

RESPECTIVE COUNTS OF THE YARN GIVEN. 

A. Dealing with One Material. 

If we know the numl)er of ends of a given count of yarn that will lie side by side in one inch 
(technically tlieir diameter), and we want to ascertain the counts of yarn required for a certain number 
of threads to lie side by side (diaraetei), we must use — 

Ride. — As the given diameter squared is to the required diameter squared, so is the given count 
to the required count. 

Example. — 85 threads of 2/32's worsted lie side by side in one inch, required to find the counts of 
yarn for 95 threads per inch. 

85'' : 
(85X85): 
7,225 : 
9,025 X 1 6=144,400h-7,225=20 

Ansmer. — l/20's or 2/40's Avorsted yarn is the number of yarn wanted. 



95' : 


:16: 


X 


(95X95): 


:16: 


X 


9,025 : 


:16: 


X 
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Proof. — 2/40's or 1/20's worsted yarn^ll,200 yards per lb. 
Thus : y'l 1,200=105 105 

— 10 (10 per cent.) 



68' : 


:6i :x 


(68X68): 


:6J :x 


4,624 : 


:6.25:x 



95 threads of 1/20's worsted will lie side by side; being 
the same answer as texture given in example. 

Example. — 84 threads of 6J-run woolen yarn, lie side by side in one inch, required to find the 
counts of yarn for 68 threads per inch. 

84' : 
(84X84): 
7,056 : 
4,624 X 6.25=28,900-=- 7,056=4.09 

Answer. — 4-ruii (actual counts 4.1 -run) yarn must be used. 
Proof. — 4.1-run=6,560 yards per lb. 
Thus : 1/6,560=81 81 
—13 

68 threads of 4-run (4.1) woolen yarn will lie side by side in 
one inch, being the same number as given in example. 

B. Dealing with Two or More Materials. 

Frequently it happens that we have to reproduce a cloth from a given sample or texture, etc., in 
another material. For example, a worsted cloth may be required to be duplicated in woolen yarn. If 
such is the case, transfer counts of yarn given, or as ascertained from sample given, into its equivalent 
counts' of the required grading, and take care of the difference of 6 per cent, between the diameters of 
threads that will lie side by side in one inch of a woolen yarn compared to worsted yarn. In a similar 
manner proceed if dealing with other yarns. 

P. S. — The allowance for worsted yarn in all the samples given is based (as also previously men- 
tioned) on 10 per cent.; for cotton yarn and spun silk on 7 per cent.; for raw silk on 4 per cent, and 
for woolen yarn on 16 per cent. These allowances refer to a perfect and smooth A' yarn ; but if such 
should not be the case, we are required to make, according to the yarn, a proportional allowance of one, 
two, or three per cent, more, 

INFLUENCE OF THE (AMOUNT AND DIRECTION) TWIST OF YARNS UPON 

THE TEXTURE OF A CLOTH. 

The influence of the twist of a yarn upon the number of warp threads to use per inch depends 
upon the amount of the twist, as well as the direction of the latter. It will easily be understood by 
the student that the more twist we put in a yarn the less space the same will occupy ; i. e., the smaller 
its diameter, and the less chances for a chafing; hence, we can use a "heavier" texture (more ends 
per inch) with a hard-twisted yarn compared to a soft-twisted yarn. But it must be remembered that 
the amount of twist to use is again regulated by the character of the fabric the yarn is used for, since 
the yarn will lose on softness the harder we twist it, and that a hard-twisted yarn will reduce the fulling 
properties of the cloth during the process of finishing. Again, hard-twisted yarn will not bend as easily 
around the filling during weaving as a soft yarn, which no doubt might injure the general appearance of 
the face of the cloth. This will also illustrate another point ; i. e., the width of the cloth to use in loom. 
As previously mentioned, the harder we twist a yarn the less chances there are for fulling ; hence, 
fabrics made with hard-twisted yarn must be set narrower in loom than fabrics made with a softer 
twisted yarn. Thus we will set a fancy worsted suiting (in an average) only from 60 to 62 
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inches wide in loom, and a fancy cassimere or fancy woolen Fuiting (in an average) from 70 to 72 
inches witle, and yet the finished width for both will be 54 inches. 

To explain the influence of tiio direction of the twist of tiie yarn upon the texture of a cloth, 
Figs. 6 and 7 are given. Fig. 6 illustrates the interlacing with yarns si)un with its twist in the same 
direction ; i. e., from left to right (technically known as right hand twist.) Fig. 7 illustrates the inter- 
lacing of a similar cloth with right hand twist yarn for the warp, but left hand twist yarn (the direc- 
tion of the twist being from the right to tiie left) for the filling. It will readily be seen by the student 
that if, using in both examples the same counts of yarn fiir warp and filling, the combination, as 
shown in Fig. 7, will allow a readier compressing of the filling for forming the cloth, compared to the 





using of warp and filling, as illustrated in diagram. Fig. 6 ; i. e., if using the same direction of twist 
for warp and filling yarn, larger jierforations will appear in the cloth than if using opposite twist for 
both systems, since in the first instance, the twist of both yarns will cross each other, thus resisting 
compression ; whereas, if using opposite twist in the spinning of the two systems of yarns, the twist of 
both yarns will be in the same direction when interlacing, and thus a falling of the twist in each other 
be produced. 

Rule. — We may use a heavier texture for warp and filling, if using opposite twist in the spinning 
of the yarns, than if using the same direction of twist for both systems. 

The finer in quality and the longer in its staple the material is, as used in the manufacture of a 
yarn, the luss twist is necessary to impart to the thread for giviug it the requisite strength ; whereas, the 
shorter and coarser the material the more twist we muat use. The actual amount of twist to use 
dej)ends eutirely upon the material and counts of yarn, as well as weave and process of finishing 
required. For a fabric requiring a smooth, clear face, we must use more twist in the yarn tliau for 
such as used in the manufacture of cloth requiring a nap; i. e., much giging, or "velvet finish." 



TO FIND THE AMOUNT OF TWIST REQUIRED FOR A YARN, IF THE 
COUNTS AND TWIST OF A YARN OF THE SAME SYSTEM, (AND • 
FOR THE SAME KIND OF FABRIC) BUT OF DIFFERENT 
COUNTS ARE KNOWN. 

The points as to amount of twist to use f )r the difierent counts of yarn manufactured are based 
between each other upon the fact that the diameters of threads vary in the same ratio as the square 
roots of their counts. 

Example. — Find twist required for a 40's yarn, if a 32's yarn of the same material requires 17; 
turns per inch (twist wanted in proportion the same). 



32:40:: 17' 



, Answer. — 19 turns per inch are required. 

or, i/32 : l/40 :: 17 : x 1/32 =5.65 Wj =-6.32. 

Hence: 5.65:6.32:: 17: x 6.32Xl7=I07.44-=-5.65=19. 

Answer. — 19 turns per inch are required (being the same answer as previously received. 
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INFLUENCE OF THE WEAVE UPON THE TEXTURE OF A FABRIC. 

In the previous chapter we have given a clear understanding as to the number of threads of any 
counts of yarn, and of any kind of material, that will properly lie side by side in one inch. We now 
take this same item into consideration, but in addition, with reference to the different weaves as used in 
the manufacture of textile fabrics ; i. e., give rules for constructing with a given weave and given count 
of yarn, a cloth which has a proper texture. 

Rule. — The less floats of warp and filling (i. e., the greater the number of interlacings between 
both systems) in a given number of threads of each system, the lower the texture of the cloth (the less 
number ends and picks per inch) must be ; and consequently the less interlacings of warp and filling 
in a given number of threads of each system', the higher a texture in the cloth we can use. For example, 
8xamining the 8-harness twill shown in Fig. 8, we find each thread to interlace twice in one repeat of 
the weave, thus actually 8+2=10 threads will lie side by side for each repeat (since by means of the 
' interlacing of the filling with the warp the former takes, at the places of interlacing, the place, with 
regard to its diameter, of one thread of the latter system). Suppose we used 64 warp threads to one 
inch, we find the threads that will lie side by side in one inch as follows : 
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FIG. 8. - and 10X64 _ ^^ 

8 

A'nswei'. — 8-harness ^ — 5 twill, 64 warp threads per inch, equals 80 diameters of threads per inch. 

Example. — Find the number of diameter of threads per inch, using the same number of warp 
threads as before (64) per inch, and for weave the plain weave shown in Fig. 9. 

The repeat of the latter weave is 2 threads, = 2 interlacings in repeat ; thus, with reference to the 
64 warp threads per inch used, we find 64 interlacings of the filling. 

igg Hence: 2:4::64:x and 4x64 

'^ —^ — = 128 

Fig. 9 2 

Afiswer. — Plain weave, 64 warp threads per inch, equals 128 diameters of threads per inch. 

No doubt these two examples will readily demonstrate to the designer the value of examining the 
number of interlacings of any new weave. If, in given examples, the first mentioned " make up " ^ — j 
8-harness twill, 64 warp threads per inch, using the required material and counts of yarn is producing 
a perfect fabric, and we want to change to plain weaving, using the same yarn, we must deduct f of 
the number of warp threads (and correspondingly also of the filling) to produce the same number of 
diameters of threads side by side as in previously given example ; i. e., we must only use 40 warp 
threads per inch, since those 40 diameters of the warp yarn, plus 40 diameters of the filling, by means 
of the principle of the interlacing of the plain weave, produce the (equal number as before) 80 diameters 
of threads side by side in one inch. Hence we may put down for — 

Ruk. — The weave of a cloth has an equal influence on the number of ends per inch to use 
as the counts of the yarn we are using. We mentioned previously that by the diameters of 
threads per one inch we mean the number of ends that could lie side by side per inch, providing 
there were no interlacings of both systems of threads; but since such interlacing or intertwining 
of the warp and filling must take place in order to produce cloth, we must deduct the number, 
or average number, of interlacings per inch from the originally obtained diameters of threads that will lie 
side by side per inch, to obtain the correct number of warp ends and picks we can use per inch. Thus 
far given explanations will readily assist the student to ascertain the number of threads of any material 
U^t will lie side by side (without riding) in one inch of the fabric ^single cloth). Hence • 
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TO FIND THE TEXTURE OF A CLOTH USE— 

nuM. — Multiply the number of threads of a given count of yarn that will lie side by side in one 
inch by the threads in one repeat of th© pattern, and divide the product by the number of threads in 
repeat, plus the corresponding number of interlacings of both systems of threads found in one repeat of 
the weave. 

By the number of interlacings of a weave we understand the number of changes from riser to 
sinkers, and vice versa, for each individual thread in each system. 

Examples. — Fig. 10 represents one pick of the common twill known as " a ^ a ' a and shown 
iMnn-nn-nn ^^ One full repeat in Fig. 11. Diagram Fig. 12 illustrates 

-aja 10 thfi corresponding section to pick 1 shown in Fig. 10. BBaDSonS" 

ihe lull black spots represent one repeat, whereas the BSDnrnDDS" 
commencement of the second repeat is shown in dotted BSSaaSDnSa 
lines. A careful examination of both diagrams, Figs. 10 ' '" 

and 12, will readily illustrate to the student the number of 
interlacings in one repeat (6), as indicated by corresponding numbers below diagram Fig. 12. Thus? 
in order to find the number of warp threads of a given count per inch for a cloth made with this 
■ weave, we must multiply the number of diameters of threads that will lie side by side with 10 (being one 
complete repeat of the weave) and divide the product thus derived by 16 (10 plus 6, or repeat plus 
number of interlacings). The result will be the required number of warp threads per inch. If given 
1 2 s 4 6 6 7 8 Old iUustratious would refer to a 32-cut woolen yarn, we 

i,,V"" find answer as follows : SSSSSSBSK 

Fig. Id aBDaoDBBaB 

32-cut yarn=9,600 yards per lb. SSSBSKSSS 

—, •' 1 J r BQDBBDBDBD 

W-> 32-cut yarn=82.2 threads will lie side by side. BSKSSSSyg 

__ _ _ . •' •' IBBDBDBDBDD 

It 2^ 3. ». 5. 6. 7. 8. Thus: 82.2X10=822-16=511, or Vm. 15. " 

FiG- 14. 51 warp threads per inch (or actually 51 J per inch, or 

103 threads for every two inches; of 32-cut woolen yarn will be the proper number to use. In 
diagram Fig. 13 we illustrate a pick of another 10- harness twill weave. Fig. 14 represents the corre- 
sponding section, and Fig. 15 one complete repeat of the weave. 

All three diagrams show 8 points of interlacings for each thread in one repeat; hence, if applying 
counts of yarn from previously given example for this case we find : 

32-cut yarn=82.2 threads will lie side by side. Thus: 82.2xl0=822^18=45f, or 46 warp 
threads per inch (actually 45f ) of 32-cut woolen yarn are the proper number of threads if using the 
a_j._j __i___i_^ 10-harness twill. 

Answers. — For both given examples are as follows : 
Warp yarn used 32-cut woolen yarn. 

' a ^ 2 ' — J 10-harness twill=6 interlacings=51i warp threads per inch. 

^-r-^-i-H-^-s 10- " « =8 " =45! " " " 

A careful examination and recalculation of these two examples will .readily illustrate to any 
student the entire modus operandi. 

Example, — Find number of threads for warp for a fancy worsted suiting, to be interlaced 
with the 6-harness ^ — j twill (see Fig. 16) and made of 2/32's worsted yarn. (Fig. 17 illustrates 
number 1 pick separated and Fig. 18 its corresponding section.) 
'SSBSS: 2/32=1/16=16 X660=8,960 yards per lb. 

QPaBBB 

gQbbbd 

'f 



l/8,960 less 10 per ceDt.=85 threads of 2/32's, worsted yam will lie 

t Diameters) vi Repeat of) imepeatof) . jLiterla^diigs) 

) per inch. )^{ weave. J ( weave. S*^\ ia tepcaX. \ 

85 X 6 =510-1-8 (6 -t 2) '^»«4. 



1 £845 e 

Fig. 17. 
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Answer. — (i4 ends per inch is the proper warp texture for fabric given in example. 

Example. — Find proper number of threads f o use for a woolen dress good, to be interlaced with the 

«B3»aBy«Dj 9-harue^s -i— '— t— -r -— t twill (.-^ee Fig. 19), and fur which we 

DBDBGMDB havc to use ()i-run woolen yarn. 

^Di«a«D»3 (Fig. 20 represents pick 1 separated, and Fig. 21 its corresponding 



cmm. laaaaL 
Fig. 19. 



section.) 

6-run=10,000 yards per lb. 

]/ 10,000 '^''S 16 per ccnt.=84 threads of 6J-run woolen yarn, 
will lie side by side in one inch. 

84x9=756^17(9+8)=44tV 

2. 3. H- 5- 6- 1. 8. Anifijoer. — 44 threads per inch (actually 44i''V) is the proper warp 



12345071*9 

lUJBUBGaG 
1 - J 4 o us 

Fig. 20 



Fig. 21. 



texture for cloth given in example. 



£famp/e.^Find the proper number of warp threads to use for a cotton dress good, using the plain 
5n, weave (see Fig. 22), with single 40's cotton yarn for warp. 

''? 40's cotton=40 X 840=.33,600 yards per lb. 

KiG. 23. , 

1/33,600=183 — 13(7 per cent.)= 170 threads of 40's cotton yarn will lie side by side 
in one inch. 

Answer. — 85 threads of 40's cotton yarn, and interlaced with the plain, will produce a perfect texture. 

It will be proper to mention here another point which must also be more or less taken into con- 
sideration. During the process of weaving both systems of threads press more or less against each 
other, thus each thread is pushed to a certain degree out of position, consoqtieutly we may add to each 
sy.stem a slight advance, according to counts, texture and quality of material in question, without 
influencing the process of weaving or the handling of the fabric; but in all cases such an advance in 
threads (and picks) will be very small and is readily ascertained after finding, by rules given, number 
of ends and picks per incli, that could bo used if no pres'^ure from one system upon the other was exercised. 

If using a soft-twisted yarn for filling, the latter will have le.'^s influence for pressing the warp 
threads (harder-twisted yarn) out of ])osition; i. e., the filling will stretch and thus in proportion reduce 
the counts of the yarn, con.scquently a higher te.xture for such filling may be used. We may thus also 
mention this fact in the shape of a — 

Hn/e. — The softer the filling yarn is twisted, the more readily the samr> will interweave and the 
higher a warp texture we can use. W-jrp yarns are in most all cases harder twisted than the filling 
yarn as used in the same fabric, for the simple reason that the warp threads are subject to more strain 
and wear during the process of weaving compared to the filling. The softer a yarn is twisted, the 
softer the finished cloth will handle; and, if we refer, regarding this soft twist specially to the filling, the 
easier the same can be introduced in the warp during the process of weaving. This will explain 
the general method of u.sing a fesv more ])icks per inch compai'cd to the warp threads as used ])er inch 
in reed. But as everything has a limit we also must be careful not to u.se too many of these additional 
pick.*, for if " piling-in " even a soft filling too hard in a cloth during weaving, it will ultimately result 
in an imperfect fabric when finishcil. Frequently we would thus produce fabrics which require too 
much fidling, or which with all the fulling possible, couLl not be brought to its required finished width. 
The same trouble will also refer to the setting of a fabric too wide in reed, for the sake of producing 
heavier weight of cloth. Again, if setting a cloth too loose, either in warp or filling, or buth 
systems, it will produce a finished fabric liandling too soft, flimsy or spongy ; consequently great care must 
be exercised in the "setting of cloth " in order to jjroduce good results, and rules given for foundation 
weaves (with reference to an average fair and most often used counts of yarn, producing what might 
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be termed staple textures and correppondingly staple fabrics) will form a solid basis to build upon for 
other fabrics a^s may be required to be made. Special fabrics, such as Union Cassimeres, Chinchillas, 
Whitneys, Montaguacs and other jjile fabrics, are left out of question. 

Example. — Fancy Cassimere: Weave - — is twill (see Fig. 23). Yarn to use, 22-cut. 

^■S Question. — Find the proper number of threads for one incii to use. 

''""•' 22-cut=22x300=6,600 yards per lb. And 

Fig. 23. . > j i 

1/6,600, less 16 perceut.=6Sj tiireads of 22-cut woolen yarn will lie side by side in one inch. 

68iX4 

-— 2-=68iX4=273H-6=45i 

Answer. — 45 threads per inch (actually 91 threads for two inches) are the proper number of, 

threads to use for the cloth given in example. In this weave (^ twill) warp and filling interlace 

after every two threads. In previously given example (the ])iain weave) warp and filling interlaced 
alternately; hence, if comparing the plain weave and tlie 4-harness even-sided twill we find: 
Plain weave=4 points of interlacings in 4 threads. 

J twill=2 points of interlacings in 4 threads. 

Previously we also mentioned that the space between the warp threads where the intersection takes 
place must be (or must be nearly as large) equal to tlio diameter of the filling yarn (also rice versa); 
thus, if comparing both weaves, using the same yarn for warp and filling in each example, we find in 
the plain weave: 

4 points of interlacings of the filling in 

4 warp threads, giving lis 

8 diameters of threads in f>nf tlireals, or two repeats of the plain weave, and in the 4-harness 

even-sided twill we only find : 
2 points of interlacings of the filling in 
4 warp threads, giving us 

6 diameters of threads in four threads, or one repeat of the — • — g. twill weave. 

Again in the plain weave we find : 
4 intersections of eixch warp thread in 
4 picks, giving 

8 diameters of threads in four threads, or two repeats of the plain weave, and in the 4-harness 

even-sided twill Me find : 
'2 intersections of each warp thread in 
4 picks, giving 

6 diameters of threads in four threads, or one repeat of the ? ^ twill weave. 

Hence, the proportion of the texture between a cloth woven with the plain weave and the 4-har- 
ness (will will be as 6:8 or 3:4. 

Consequently if 60 ends per inch (in each system), woven with (he ])lain weave, produce a well- 
balanced cloth, and we want to use the same yarn for producing a similar perfect cloth, woven with the 
? twill, we find the number of threads required readily by the following proportion : 

\ Ratio of the plain weave com- 1 . . ( Texture used with the plain ) . ( Texture to be used with the 1 
\ pared to the 4-harness twill. J ' " ( weave. ) ' ( 4-harness twill. \ 

3 . : 4 . :: 60 : x 

4X60 
— - — ^4X20=80 threads must be used in proportion with the 4-harness even-sided twill to 

o 

produce a well-balanced cloth structure. 
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This example will also explain that the less points of intersections we find in a given number of 
threads interlaced with one weave, compared to the same number of threads interlaced with another 
weave, the higher a texture we must employ, producing at the same time a proportional heavier cloth. 

TO CHANGE THE TEXTURE FOR GIVEN COUNTS OF YARN FROM ONE 

WEAVE TO ANOTHER. 

Ruh. — The repeat of the given weave multiplied by repeat plus points of intersections of the 
required weave is to repeat of the required weave, multiplied by the repeat, plus points of intersections 
of the given weave, the same as the ends per inch of the given cloth are to the ends per inch for the 
required cloth. Thus we will find answer to previously given example by this rule, as follows • 



(2x(4+2):(4X(2 + 2)) 


: 60: X and 


(2X12) : (-4X4) : 


: 60: X and 


12 : 16 : 


: 60 : X ; hence, 



1 fi V fin 

— — — =16x5=80 threads must be used, being the same answer as previously received. 

Example. — Fancy Worsted Suiting. Weave ^ — j 6-harness twill (see Fig. 24). Warp and filling 
2/32's worsted. Texture, 64 X 64. Question : Find texture required for producing a well 
jBSKdd balanced cloth using the same counts of yarn with the ^^ ^ ^ 9-harness twill (see Fig. 25) 
for weave. 

(6X(9+4)):(9x(6+2))::64: x 

(9X8) ::64:x 

72 ::64:x 



■QDCBB 
DODHB 
OaiBBD 



Fig. 24. 



waaaaDoaa 

■nDBDGGBa 
DDaODDBBB 
DBOaaBBBD 
■DDOBBBOD 
aODBBBaGB 

iSBg'sSm 72X64 _ 12X64 



(6X13) 

78 



12x64=768^13=59t'3 



Fig. 25. 78 13 

Answer. — The number of ends to be used with 2/32's worsted, and the ? ^ ^ ^ twill are 59 ends 
per inch. 

TO CHANGE THE WEIGHT OF A FABRIC WITHOUT INFLUENCING ITS 

GENERAL APPEARANCE. 

Previously we mentioned " the less points of interlaoings we find in a given number of threads 
the higher a texture (more threads per inch) we can use in the construction of a cloth." This will 
also apply to the use of a heavier count of yarn, or both items (higher texture and heavier yarn) at 
the same time. In the construction of a new fabric we are frequently required to produce a fabric of a 
given weight per yard ; hence, after we find by rules given that the yarn we intend to use will, with its 
corresponding texture and weave, produce a cloth either too heavy or too light, we must carefully con- 
sider how to remedy this. In some instances the diiference could be balanced by either laying the 
cloth wider or narrower in the reed, or shorter or longer at the dressing, and regulate the weight during 
the finishing process ; i. e., full the flannel to the required weight. By some fabrics (of an inferior 
grade) we might also regulate the weight to some extent during the fulling process (by adding more or 
less flocks, the latter of which will felt during the fulling to the back, and partly between both sys- 
tems of threads the fabric is composed of But in most fabrics a too heavy or too little fulling or addi- 
tional flocking (according to the class of cloth) would reduce or destroy the beauty of its face, and 
thus decrease its value ; hence we must regulate texture, weave, and counts of yarn to be used, to a cer- 
tain extent, to suit the weight per yard of the finished fabric required. Most always the heavier 
a weight is wanted, the heavier a yarn we must use, and in turn suit texture to the latter. Again, the 
lighter in weight a cloth is required, the finer counts of yarn we must use, also with a proportional 
regulation of the texture. If the weight per yard in a given fabric is required to be changed (either 
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increased or reduced) without altering the weave, or the width in reed, or length dressed {i. e., want 
the new cloth to be fulled about the same amount as the given), we must alter the counts of the yarn in 
the process of spinning, producing a heavier yarn if a heavier cloth is wanted, and a lighter yaru if a 
lighter cloth is wanted. 

Ruh. — The ratio between the required weight per yard squared and the given weight per yard 
squared, is in the same ratio as the counts of yarn in the given cloth are to the counts of yarn required 
for use in the new cloth. 

JEwample. — Suppose we are making the following cloth : 

ggS" Fancy Cassimere : 3,240 ends in warp. 1 per cent, take-up during weaving. Weave 

1 * given in Fig. 26. 72 inches width in loom. Warp and filling, 22-cut woolen yarn. 
weavei-^twiii. Weight of flaunel from loom, 17.2 oz. 

Question. — Find the proper counts of yarn to use if given weight, 17.2 oz., is to be changed to 
19.1 oz.; i. e., a flannel of 19.1 oz. is required (from loom). 

Memo. — In this, as well as the following example, no reference to any selvage is taken. 



Required weight 
squared. 

19.1' 

(19.1X19.1) 
364.81 



Given weight 
squared. 

17.2' 

(17.2X17.2) 

295.84 



( Counts of yarn in ) 
( given cloth. f 



-22 

22 

22 

295.84X22 

- 17.9 



\_ Required counts for 
j the new cloth. 

X 

X 

X 



\ 



364.81 
Afiswefr. — 18-cut yarn is required. 

Example. — Prove previously given example for each texture ; a, as to weight, and b, as to the 
proper construction according to rules given. 

I. Given Cloth. 

a. Ascertain given weight (17.2 oz.). 

Fancy Cassimere : 3,240 ends in warp. 10 per cent, take-up during weaving. Weave, - — ^ 4-har- 
ness twill. 72 inches width in loom. 48 picks per inch. Warp and filling, 22-cut woolen yarn. 3,240 
ends in warp. 10 per cent, take-up. How many yards dressed ? 

100 : 90=x : 3,240 and 324,000-^90=3,600 yards of warp required dressed per yard of cloth woven. 
22-cut=300 X 22=6,600 yards per lb. -=-16=4121 yards per oz.; hence — 
3,600^-412.6=8.8 oz. weight of warp. 
72X48=3,456. yards of filling required per yard. 
3,456^-412.5=8.4 oz., weight of filling. 
Warp, 8.8 oz. 
Filling, 8.4 oz. 

Anmoer. — 17.2 oz., total weight per yard from loom. 

b. Proof of Proper Structure of Given Oloth. 

22-cut =6,600 yards per lb. and l/6,600, less 16 per cent. =68J threads of 22-cut yarn will lie 
side by side in one inch. 
? , twill =2 points of interlacings in one repeat of the weave. 

f58iv4 
Thus: 4^/2 =68iX 4=273-^-6=451, or practically— 

Answer. — 45 warp threads per inch should be used, and this is the number of ends used, since.— 
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(Threads in full warp.) -=- (Width of cloth.) = (Ends per inch.) 

3/240 _=_ . 72 = 45 

2. Required Cloth. 

b. Find Proper Textwie for Warp. 

18-out woolen yam to lie used =18X300=5,400 yafds per lb., i/ 5,400=73.49, less 16 percent 
(11.74)^01 f tlireads of )8-cut woolen yarn will lie t-ide by side in one inch. 
4-haruess twill contains 2 jioints of intersections in one repeat. 

=^247-^6=41a, or practically — 

Answer. — 41 threads per inch must be used. 

a. Ascertain Weight for Required Cloth. , 

Using the same width in reed as in the given cloth (72 inches). 

41 X 72^2,952 ends must be used (10 jier cent, take-up). 

100:90 :: x: 2,952 and 295,200^-90=3,280 yards warp required for one yard cloth from loom. 

18-cut yarn =5,400 yards ])er lb. h-1C=337J yards, per oz. 

3,280-T-337.5=9.7 oz. warp yarn required. 

44X72=3,168 yards filling required, and 3,168-^337.6=9.4 oz., filling required. 

Warp, 9.7 oz. 

Filling, 9.4 oz. 

Answer. — 19.1 oz., total weight per yard from loom, being exactly the weight wanted. 

Memo. — In calculating weight for both fabrics we used three additional picks compared to the warp 
threads, which is done to illustrate practically the softer twist of the filling compared to the warp yarn 
(and which item has already previously been referred to). In the calculations we only used approxi- 
mately the decimal fraction of tenth, since example refers only to illustrate the procedure. In examples 
we fjxclude any reference to selvage. 

Example.-~-T\\Q following cloth Ave are making : Worsted Suiting. 3,840 ends in warp, 8 per cent. 
««B-iao» take-up, 60 inches width in loom, warp and filling 2/32's worsted, weight of flannel from 
BoMBa loom, 14.6 oz. For weave, see Fig. 27. (No reference taken of selvage.) 
iSSBng Question. — Find the proper yarn to use if given weight, 14.6 oz., must be changed to 

Fig. 27. 2g 3 yj,_ (from loom); i. e., a flannel of 16.3 oz. is wanted (exclusive of selvage). 
,r:Ltl,. 16.3^ : 14.6^ ::16:x 

(16.3X16.3):(14.6X14.6)::16: x 
265.69 : 213.16 ::16: x 
213.16X16=3,410.56^-265.69=12.9 
Answer. — 1/13's or 2/26's worsted yarn is required. 

Exoviple. — Prove previously given example for each structure; a, as to weight; b, as to the 
proper construction according to rules given. 

I. Given Cloth. 

a. Ascertain G-iven Weight (14.6 oz^. 

"Warp. — 3,840 ends, 2/32's worsted, 8 per cent, take-up, weave ? — ^ 6-harness twill. 60 inches 
width of cloth on reed. 

Filling. — &Q picks per inch, 2/32's worsted. 

3,840 ends in warp, 8 per cent, take-up, how many yards dressed? 
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100: 92 :: x :3,840 384,000-=-92=4,1735J yards (practically 4,174) of warp required dressed 
per yard of cloth woven. 

2/32's worsted=:16X 560=8,960 yards per lb.^l6=560 yards per oz. 
Hence: 4,174-7-560^7.5 oz., weight of warp. 
66 X 60=3,960 yards of filling required per yard. 3,960-^560=7.1 oz., weight of filling. 
AVarp, 7.5 oz. 
Filling, 7.1 " 



Answer. — 14.6 oz., total weight per yard from loom. 

6. Proof for Proper Structure of Given Cloth. 

2/32's worsted =8,960 yards per lb., and v/8,960— 10 per cent. =85 threads of 2/32's worsted 

will lie side by side in one inch. 

85 ">^ 6 
3 twill=2 points of interlacings in one repeat of the weave. Thus: -^—^=^510-r-S=64. 

Answer. — 64 threads per inch niu.st be used, and since 3,840-f-60=64, this is the number of ends 
used per inch in given cloth, the structure of the given cloth is perfectly balanced. 

2. Required Cloth. 

b. Find the Proper Texture for Warp. 

2/26's worsted =13X500=7,280 yards per lb. 

t/7,2H0=85.3 less 10 per cent. (8.5)=76.8 diameters of threads of 2/26's worsted will lie side by 

side in one inch. 

8 . . . . 76.8X6 

3 twill=2 points of interlacings in one repeat. Thus: ^ . g :^460.8h-8=57.6, or 

practically — 

Answer. — 68 threads per inch must be used. 

a. Ascertain Weight for Required Cloth. 

Using the same Avidth in reed as in the given cloth (60 inches). 

58X60=3,480 ends must be used (8 per cent, take-up). 
100 : 92 : : X : 3,4«0. 348,000h-92=3,782 yards required for one yard cloth from loom. 
2/26's worsted=7,280 yards per lb. -^16=455 yards per oz.; thus: 3,782-^455=8. 3 oz. warp yarn required. 

Using 61 picks we find — 
61 X 60=3,660 yards filling (2/32's worsted) wanted. 3,660-=-455=8 oz,, weight of filling yarn wanted. 
"\V'iirj>, 8.3 oz. 
Filling, 8.0 oz. 



Answer. — 16.3 oz., total weight of cloth (exclusive of selvage) from Joom, being exactly the 
weight wanted. 

To Find the Number of Ends per Inch in the Required Cloth. 

Tlie two examples previously given will also assist us to illustrate the next rule; i. e., " Finding 
number of ends per inch in the required cloth." 

Rale. — Tlie weight per yard of the required cloth is to the weight per yard of the given cloth in 
the corresponding ratio of the warp ends per inch in the given cloth to the warp ends per inch in the 
required cloth. 

Example. — Prove rule by previously given example of a fancy cassimere. 

Given Cloth. — Weight per yard^l7.2 oz. Ends per inch=45J (for 45). 
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Required Cloth. — Weight wanted, 19.1 oz. Find ends per inch required, or x. 

17 2X45 5 
19.1:17.2 ::4o.5:x. '^^-^ ' =17.2X45.5=782. 60-=-19.1=401M, or practically^ 

Answer. — 41 warp threads must be used, and this is exactly the answer previously derived in the 
same example (see page 72). 

Example. — Prove rule by previously given example of a \Borsted suiting. 

Given structure. — Weight per yard, 14.6 oz. Ends per inch, 64. 

Required structure. — Weight wanted, 16.3 oz. Find ends per inch required, or x. 

14 6 X64 
16.3:14.6 :: 64 :x — ^^-g— =14.6X64=:9,344-=-16.3=57t% (See answer on page 73, being 57.6.) 

Answer. — 58 warp threads (practically) per inch must be used ; this being the same number as 
derived previously in the same example. (See page 73.) 



WEAVES WHICH WILL WORK WITH THE SAME TEXTURE AS THE 

? 2 4-HARNESS TWILL. 

The following few weaves (given for examples) have the same number of interfacings as the 
4-harness even-sided twill : 

Memo. — Weaves indicated by u. are uneven-sided twills. Weaves indicated 
by e. are even-sided twills. 



Ill 

6 1 1 


112 
5 11 


1 1 3 
4 1 1 


1 1 4 
6 2 1 


1 1 1 
5 3 1 


1 1 1 
4 4 1 


1 1 1 
5 2 1 


2 1 1 
4 2 1 


2 1 2 

4 3 1 


2 1 1 
8 3 1 


3 1 1 
4 2 1 


8 1 1 
3 2 1 


2 2 2 
3 3 2 


1 1 2 
2 2 5 


1 1 1 
3 3 4 


1 1 2 
2 2 3 


1 1 3 
2 2 3 


2 2 1 
2 2 1 


3 3 1 
2 2 1 



4-harness twills. 



5 




1 






1 
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4 




1 






1 
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3 




1 






1 




3 


4 




2 






1 




1 


3 




1 






2 




2 


3 




2 





8 -harness 
twills. 



Proceeding in this manner, the student can 
readily Kind the different (common) twills whicli 
will work on the same basis of texture as the 4-har- 
ness even-sided twill. 

Amongst "derivative weaves," working on the 
same basis of texture as the — 



^ twill, we find — 

j- 4-harness broken twill and the following 

weaves given in my '"' Technology of Teu.tile Design," 
Figs. 398, 409, 411, 412, 416, 417, 420, 421, 445, 
448,449, 470 (476 q-q), 479, 482, 492, 497, 499 
etc., etc. 



12-harness twills. 



WEAVES WHICH WILL WORK WITH THE 

SAME TEXTURE AS THE ^ ^ TWILL, 

^ J TWILL, Etc. 



In the same manner as we previously found some . of the 

different weaves to work on an equal basis with the 

twill, it will be advisable for the student to use different other 
"standard foundation weaves" on the same basis. For exam- 
ple: the g twill, the ^ twill, etc. 
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SELECTION OF THE PROPER TEXTURE FOR FABRICS INTERLACED WITH 

SATIN WEAVES. 

As mentioned in my " Technology of Textile Design," fabrics made with satin weaves or "Satins" 
are characterized by a smooth face. The principles for the construction of satins are to arrange as much 
as possible distributed stitching, for the more scattered we arrange the interlacing of warp and filling the 
less these points of intersection will be visible in the fabric. Thus, the method of construction of this 
third class of foundation weaves is quite different from the other two classes (the plain and twill weaves) ; 
hence, the setting of the warp for fabrics interlaced with satins requires a careful studying and possibly 
a slight modification towards one, two, or three threads more per inch ; but such an increase is regulated 
by the material. If we have an extra good and very smooth yarn we may do this, but if dealing with 
a rough or poorly carded yarn we must use ends per inch as found by rule. 

As previously mentioned, in cloth interlaced with satin weaves we want a smooth face ; hence, the 
warp yarn must cover the filling. Thus, as always one or the other of the threads in the repeat of the 
weave is withdrawn on every pick the remaining warp threads must cover this spot where the one warp 
thread works on the back of the cloth and the filling tries to take its place on its face ; and, as according 
to rules given, the interlacing of the filling is dealt with similar to warp threads, the remaining warp 
threads in this instance would have to be spread so as to cover the filling, which, no doubt, is more readily 
accomplished by using a heavier texture of the warp ; i. e., putting two or three more threads per inch 
than actually will lie properly side by side, less the customary deduction on account of the nap of the 
yarn. If we resort to this plan, it will be readily understood by the student that this will produce a 
closer working of the threads than they properly should ; hence, chafing or riding of threads (to a slight 
extent) will be the result. If, as previously mentioned, we are dealing with an extra good and smooth 
yarn and the warp yarn is properly sized and dressed, we may make use of those few ends, but otherwise 
in most every common fabric, threads as found by rule to lie side by side in one inch will do, since 
the nature of the weave (hence, cloth with it produced) will by itself hide the filling to a great extent by 
means of the warp being nearly all on the face, the filling forming the back and the one end warp as 
coming in the lower shed, having little power to pull the filling up, which for the main part forms the 
back of the structure. 

Example. — Find threads of warp to use for weaving a " Kersey," with the 7-leaf satin (see Fig. 
28), using 6-run woolen yarn. Width of cloth in reed (setting) to be 84 inches (exclusive TaBBaaaB 
selvage). 6-run woolen yarn ^84 ends per inch, side by side. 84 X 7=588 H-9^65j^, or ■■■■■■' 
say 66 threads per inch. 66X84=5,544. iSS^kEI 

Answer. — 5,544 threads texture for warp to use, but which may be increased to 5,700 Pig. 38. 
ends if dealing with a good smooth yarn. 5,700 ends in warp equals nearly 68 threads per inch,. 
(68X84=5,712) which is about 2 threads per inch in excess of proper number ascertained by the reg- 
ular procedure. 

SELECTION OF THE PROPER TEXTURE FOR FABRICS INTERLACED 

WITH RIB WEAVES. 

As mentioned in my " Teohnology of Textile Design," fabrics interlaced with rib weaves require, 
for either one system of threads (warp or filling), a high texture. 

Rib weaves classified as " warp effects," must have a high texture for warp, and 
Rib weaves classified as " filling effects," must have a high texture for filling. 

Warp Effects. 

In the manufacture of fabrics interlaced with warp effect rib weaves, the warp forms the face 
and back of the faljric, whereas the filling rests imbedded, not visible on either side. This being the 
case there is no necessity for calculating (in the setting of the warp) for a space for the filling to inter- 
lace; thus, the texture is ascertained by the number of threads that will lie side by side per inch. 
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Example. — Find the warp texture for a fabric interlaced with the rib weave (warp effect) as shown 

in Fig. 29, Uoiujf for warp G-ruii woolen yarn. "cSgS 

6-run=9,600 yards per lb., and v^y,600, less 16 per cent,=82.3. ^■'■S 

Answer. — 82 warp threads per inch must be used. Fig. 29. 

Ex'imple. — Find texture for a fabric interlaced with the rib weave, shown in Fig. 30, using for 

warp 2/40's worsted yarn. eojoj 



DB'JB 
■DBO 



2/40'.s worsted=l 1,200 yards iier lb., and ]/ 11,200, less 10 per cent.==95. ■pjsg 

Answer. — 95 warp threads per inch must be used. Fig. 30. 

Filling Effects. 

As previously mentioned, for filling effects we require a high numl>er of picks, since the latter 
system has lo form face and back of tiie cloth, and the warj) the interior. In most instances tlie filling 
yarn as used for these fabrics is softer spun than the warp, for allowing a frefr introducing of the 
former ; thus, we may use even a few more picks per incli compared to the texture previously found for 
rib weaves warp effects. 

Figured Rib Weaves. 



»aaDaGBGB~inDB»DnDBBaoaDB 
oa ja .]■! laaaa.iGOaaaDU' j^a - 
Da a 'a_H_ijiJBaaDGaaaa a 
a jauB^Guaaaaaaaaaaa a.. 

a .a jaaaa ji_uaaaDCG_ a La~ 

a ^Bjajjijaaa oiaaa: aiavbn „ , , ... n t ^ i- ^ ^ -n i. 

DBBBBaSaaaBujuhSha'-SfBiB found by ascertaininir tlie number ot threads lor both systems that will lie 



i::ij jDGaaniJi uaa 



SB If dealing with figured rib weaves, iheir texture for warp and filling is 

S found by ascertaininir tl: 
CGBaaaijrjaBBaaLjBL.BCa aiBi uwlu Kv >^i(lp in nnp inch 

Example. — Find texture for a clolh to be intiprlaced with the figured 



DaaaaaajBBaaBnaCBCBGBcaG 

BB :} IGBBBGaaBDBCBCBGB'^GGa 
D DBBB IGGGaaaGBGBnBGBBBaG 
aaGGGBBaGBaBGBGanBGBGG ~B 

DGBBBGaGBGanara' arnraaa i 

BaDQTGaGanBnB"'a~«aaB ' ^a ., , . -,-,. m • /> i ^n- fi/o/>> ^ i 

BBnB"iiGB%"!«%"n'iiaB'"B 1'''' weave, shown lu lig. 31, using lor warp and nihng 2/36 s worsted yarn. 



-■BGB '^m '■"B ir^' . _ 

G' IGBGB ""IGBGB'BBBB ^' ^^BBB 1 
BB-^BIBGB^BHBGBT GBBB^^^B 
B IB IBGBGB IW^ 1BBBGT"'BBB ] 
BGBGB IBGBGBBBB' " "'BBBH 1GG 
IBGBGBGBGB'IBGLIDBBBGUGBBBG 



2/36V=10,080 yards per lb., and l/ 10,080, less 10 per cent.=90. 
Fig. 31. ^* Annwcr. — 90 warp threads and 90 picks j)er inch must be used. 



SELECTION OF THE PROPER TEXTURE FOR FABRICS INTERLACED 

WITH CORKSCREW-W^EAVES. 

On page C8 of my " Tfchnology of Textile Design" I mentioned, amongst other points, referring 
to the method of construction of corkscrew weaves, "this sub-division of the regular 45° twills is 
, derived from the latter weaves by mrans of double draws which will reduce the texture of the warp 
for the face in the fabrics; hence, a greater number of those threads per inch (compared to fabrics inter- 
laced with the foundation weaves) are required." 

A careful examination of the different corkscrew weaves (.see Figs. 345 to 383 in " Technology 
of Textile Drsigv,") wiih regard to their setting in loom, will readily illustrate their near relation to 
the warp effect rib weaves as explained in the previous chapter. In bolli systems of weaves (speaking 
in a general way) the warj) forms t!ie face and back of the cloth and the filling rests imbedded between 
the former; the only difference between both being that the break-line, as formed by the exchanging of 
the warp threads from face to back, is in the rib-cloth in a horizontal direction compared to the running 
of the warp threads, \vhereas in the corkscrews this break-line is produced in a oblique direction. But 
as this is of no consequence regarding structure (in fact on!y in preference of the forming df a better 
shed with the corkscrew weave, since not all the threads break — cxchan<re jiositions — at the same time) 
we may readily u<e the setting of the number of warp threads per inch in corkscrews the same as done 
in rib weaves warp effects ; i. e., use the number of warp threads that will 1 ie side by side in one incli for 
the texture of warp and again increase this texture one, two, three, or four ends, if dealing with an 
extra good yarn. 
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dS jSa'S^SliflQuS^i Example. — Find warp texture required for a fabric made with weave Fig. 32. 

S!S^5g!J!j|5!j:°:J Yam to 1)0 used is 2/40's worsted. 2/40's worsted =11,200 yards per lb., 

■■" "jSjaSSZHSPIR and T/ll.-UO, less 10 per cent. =95. 

DBjansBJiDaaiGBa ■ . ,.- ii .i i ii- r , i 

b!«"!l!D!nSSi"^S"! Annwer. — 9o warp threads per inch must be used, and in case ot extra good 

! ;! iijMGj^jqj^Mc yarn we may increase tins warp texture to 98 ends per inch. 



■ :ia« asoB laana'ai 
■■aija'jaua-jBauauBGBr 



p g.) Example. — Fin<l number of threads in warp if fabric in previously given 

example is made 61 inches wi<]e in loom. 95X61=5,795. 

Answer. — 5.800 threads in warp must be used to produce a perfect cloth; i. e., perfect fabric, and 
5,950 lo 5,980 ends can be used with an extra good yarn (9->X6 1=5,978). 

Example. — Find a, textureiof warp per inch ; b, threads in warp to use if 61 inches wide in loom, 
for fabric interlaced with fancy corkscrew weave Fiy;. 33, usinii2/60's worsted 

•' , o J D ' i!aaaGa";anaCBanB'iBnananB 

f,.~ itr.irii GBBiiBuanBaauBB-aLaGBna 

lOr warp. GB iaBDBGBGBaB''BB JBGBGB 

'■ CB DaGBBGBGBGBGBUBBGBGB 

2/60's worsted=l 6,800 yards per lb., and l/l6,800, less 1 per cent.=l 1 7. s'J^sJ^B^Sy^ilJggSggi 

' •' ^ ' ' ' -"^ BGBGBDBGBBGBnBnBDBGBBD 

BIB MGBBGBGBnBnBPBB'' BG 
BGBGBBGBDBnBnBnBBGBCBa 

Answer. — a, 117 warp threads per inch mast be used; and 117X61 iBBGBnBGBGBUBBGBdSjSaSG 
=7,137; thus b, 7,140 threads must be used in full warp. Fig 33 

Memo. — Tn such fine yarn, and correspondingly high texture, it will be hardly necessary to use 
those two to four additional threads as made use of if dealing with a lower count of yarn. 

SELECTION OF THE PROPER TEXTURE FOR FABRICS BACKED WITH 

FILLING; i. e., CONSTRUCTED WITH TWO SYSTEMS OF 

FILLING AND ONE SYSTEM OF W^ARP. 

A thorough explanation of the construction of weaves for these fabrics has been given in my 
" Technoloffy of Textile Des gn," on pages 105, 106, 107 and 108. Thus, wo will now consider these 
points with reference to the setting of clutli in the loom, since, no doubt, tiic additional back 
BIjaSSnH" filling will have more or le.-s influence upon the setting of the face cloth. Weave Fig. 34 
(corresponding to weave Fig. 558 and section Fig. 657 in Technology) illustrates the com- 



KQQSSQQGE] 

■U jBBLl'jr 

DGBBGGI 

EHBaGQSa 

DBBGGBBG 

aaaaaaau 

gaQgHHEH jQon 4-harness twill 5 for the face structure, backed with the 8-lcaf satin. 

BHOHBdGa 



eaaGE] 

BUGB 

anaa 

DDBB 



IBBUG 
1 4 

Fig. 35. 



qcI5"eh"" In this weave, as well as any similar combinations, the texture of the face warp can 

GBBGOBBG • 1 1 /. i i -1 

bb^Sbbdg remaui nearly the same as if dealing with suigle cloth, a deduction of 5 per cent, from the 
Fig. 84. number ends per inch found fir the single cloth is all that is required to be deducted for the 
same cloth made with a backing. 

If we exchange the 8-leaf satin, as used for backing, with a twill, ^ j as shown in 

weave Fig. 35, we must deduct 10 per cent, from the warp texture, as found for the face of 

hhIg the clolli, to produce the proper chances for weaving. If we back the 4-harnc.ss ^ j twill 

with the arrangement of 2 picks fico to alternate with 1 pick back, and use for the interlacing 
of the latter filling (and vf^^.Y\^) the ?— j 4-harncss twill, (using every alternate warp thread 
only for interlacing) see weave Fig. 36, no deduction of the warp texture compared to single cloth is 
required ; or, in otiier words, if using a weave 2 picks face to alternate with 1 pick back, and 2HaHnHHaQ 
in which the backing is floating from '■ = to — r (or a similar average), no reference must Rb"aaQ*a 

" _ '■ ' ' DBBOr BBLl 

be taken of the back filling in calculating the setting of the warp ; or, in other words, the gaGaaaaa 
■fabric is simply to be treated as pure single cloth. The most frequently used proportions of Qgaa-ia" 
backing lo face are: 1 pick face to alternate with 1 pick back, and 2 picks face to alternate '?"-ili"^jCi 
with 1 i)ick back. Seldom we find other arrangements, as 3 picks face to alternate with 1 ^^" ^^■ 

pick back; or irregular combinations, as 2 picks face 1 pick back, 1 pick face 1 pick back,=:5 picks 



78 

in repeat, etc. If using the arrangement " 1 pick face to alternate with 1 pick back," be careful to use 
a backing yarn not heavier in its counts than the face filling ; for a backing heavier in its counts than 
the face filling will influence the closeness of the latter, and in turn produce an " open face " appear- 
ance in the fabric. 



■■GanBBBGaGi 

■GOGaBBaDGH 
□□□□QQQGaQQE 

DuGBBBODDKBI 

GGaBBaGaEnr 

[^■■■GDGBKBC 

■■■nGDBKaGL 
□□QGQCDQQDQG 

■■GaaaEiDGG 

■_:aGaBaGDGai 
"gebqhdhhh: — 

SaaaDGGBi 

gnnaaGQEiQQE 
..GaBBaGOBaBr 

gbbbgiggbbbl; 

■■aaaBBBoq 

Fia 37. 



Weave Fig. 37 shows the ? g 6-hame8S twill for the face structure, backed 

with the 12-leaf satin. Arrangement : 1 pick face to alternate with 1 pick back. 
It will readily be seen by the student that this combination of weaves (also any 
similar ones) will be very easy on the warp threads; thus, the setting of the 
latter per inch in the reed is (about) designated by the counts of yarn used 

with reference to the single cloth weave (^ g twillj, being the same as if dealing 

with no backing, for the most allowance we would have to make for fabrics inter- 
laced with this weave would be a dedactiou of 2 to 2| per ceoL from the single dodi 
warp texture. 



Weave Fig. 38 shows tite same fece weave ^ g twill), arranged with 2 pcks 

&oe to alternate witii 1 pick back. There will be no difference experienced in the 
number of threads (warp) to use per inch between this weave and the single face 
weave (£, e., the £ifie weave if treated as single doth) ; hence, the setting of the warp 
fiff bctii yviH be tiie same. 



bbgdobbbodgb 
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Fig. 38. 



Mximple.-—F'm6. the proper number of warp threads to use for a woi«^»d 
suiting, to be interlaced with the granite weave shown in Pig. 39. For warp 
yarn use 2/50's worsted. 

^50*8 worsted^l4,000 yards per lb. and i/l4,000 less 10 per oent.=5l06.S 
Points of interlacing in fiice weave=8 
Warp threads in repeat of weave=18 
106.5X18=19,170-5-26 (8+18)=73.7 

— 3.7 (5 per cmt.) 

70.0 
Answer.— 70 warp threads per inch of 2/50's woiisted are required. 

£!m}n|>fe.— Ascertain for the previously given fabric the proper fillii^ 
texture, if using the same counts of yam as used for warp, and find wei^t ^ 
do& per yard from loom (exclusive, of selvage). 

U .-, f Face filling, 74 picks per inch (2/50's worsted). 
aeqaaea y^-Q^^^^^^ 74 « « « (single 24's worsted). 

Width in loom, 60 indies (exclusive of selvage). Take-up of warp during weaving, 12 per cent, 
70X60=4,200 warp threads in cloth. 100:88:: x : 4,200. 
4^200X100=420,000-5-88=4,772 yards of warp are wanted dressed for 1 yard cloth from loom. 
14,000 yards per lb. in 2/50'8 worsted=876 yards per oz. 
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•Pig. S& 



4,772^875=5.45 oz., weight of warp. Warp, 

74 X 60=4,440 yards fece filling wanted, Face filling, 

4i440-f-875=5.07 oz., fiice filling, 
24's\rorsted=13,440 yards per lb.=840 yards per oz. 
^440-»-840=5.28 oz., wei^of backing. 

AMSwer.—'W&^t of doth per yard from loom (ezdusive of sdvage) is 13.8 oe. 



5.45 oz. 
6.07 « 
5.28 « 

13.80 o& 



□■■DOHBD 

Pig. 40. 
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Example. — Find the proper tejftiire for warp and filling, and also ascertain the weight of flannel 
MgHsganng per yard from loom (exclusive of selvage). Cloaking : Warp 5-run, filling 5-run, backing 
gggHBggS 2|-run. Weave, see Fig. 40 (8 warp threads and 12 picks in repeat). Take-up of warp, 
gggggSSg 10 per cent. Width of cloth in reed, 72 inches (exclusive of selvage). 
gggggggg 5-run=8,000 yards per lb. 

1/8,000, less 16 per cent. =75 ends of 5-run yarn will lie side by side in one inch. 
75 X 4^ 300-^6^=50 ends of warp must be used per inch, and 
50x72r=3,600 ends must be used in full warp. 

100: 90 -.ix: 3,600 
3,600x100^=360,000-^90=4,000 yards of warp yarn are required per yard cloth woven, 
5-run yarn=500 yards per oz. 4,000^-500=8 oz. of warp yarn are wanted. 

52 picks (50-1-2 extra) of face fillinac, \ i. j • i, 

t^n ■ 1 ) -,■ r. ■ ■, I r. i „ c ^^^ wautcd pcr iHch 

26 picks (correspondmg to face picks) of back filling, ) 

52X72=3,744 yards of face filling are wanted. 

3,744h-500=7.5 oz., weight of face filling. 

26X72=1,872 yards of backing are required. 

1,872-^250 (yards of 2J-run filling per oz.)=7.5 oz., weight of backing. 

Warp, 8.00 oz. 

Face filling, 7.50 " 

Backing, 7.50 " 

23.00 oz. 
Answer. — Total weight of cloth per yard from loom (exclusive of selvage),, 23 oz. 

SELECTION OF THE PROPER TEXTURE FOR FABRICS BACKED WITH 

WARP; i. e., CONSTRUCTED WITU TWO SYSTEMS OF 

WARP AND ONE SYSTEM OF FILLING. 

To ascertain the texture of the warp in these fabrics we must first consider the counts of the yam 
as used for the face structure, and secondly the weave. 

After ascertaining this texture (for the single cloth) we must consider the weave for the back 
warp ; i. e., the stitching of the same to the face cloth. If dealing with a weave of short, repeat for 

the back warp (for example a ^ ^ twill) we must allow a correspondingly heavy deduction from the 

threads as ascertained for the face cloth (about 20 per cent, for the j twill) ; whereas, if dealing 

with a far-floating weave for the back (for example the 8-leaf satin) we will have to deduct less (about 
10 per cent, for the 8-leaf satin) from the previously ascertained texture of the face cloth. Since the 
8-leaf satin is about the most far-floating weave, as used for the backing, thus, 10 per cent, will be 
about the lowest deduction, and as the ~ — ^ twill is the most frequently interlacing weave, in use in 
the manufacture of these fabrics, thus, 20 per cent, deduction from the respectively found texture of 
the face cloth is the maximum deduction. To illustrate the subject more clearly to the student we will 
give both weaves as previously referred to with a practical example. 

Example. — Find warp texture for the following fabric : Fancy worsted trousering. 
ioncnmama Weave, see Fig. 41. Face warp, 2/36's worsted. Back warp, single 20's worsted. 
iBgSHBBSh 2/36's worsted =90 threads (side by side per inch). 
Fig. 41. Face weave ^ twill =4 threads in repeat and 2 points of interlacing. 

90X4^360-1-6=60 threads, proper warp texture for the single structure. 

60 
—12 (20 per cent, deduction caused by the back warp (^ — —^ stitching in the face structure). 

48 
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Face warp per inch, 48 threads 2/3G'a worsted. 
Back warp " 48 " single 20's worsted- 

96 
Answer. — 96 warp threads must be used per inch. 

Picks per iiicli must be 52 (4 extra over tlie texture of the face warp). TJse 2/36's filling and 
find weight of cloth per yard from loom (exclusive of selvage), allowing 10 per cent, take-up for face 
warp, and 12 per cent, for back warp, using 62 inches as the width of cloth in loom. 
48X62=2,976 ends of face warp, and 
2,976 " " back warp. 



5,952, total numlier of ends in the entire warp. 
100:90 :: x:2,976 297,600h-90=3,:}()6§ yardsor face warp are wanted per yard of cloth woven. 
2;36's\vorsted=l0,0h0yardsiierlb.-=-16=630yardsperoz. 3,306.66-^630=5.25oz.,weiglitoffacewarp. 
100:88 :: x:2,976 297,600-=-88=3,381ri yardsof back warp yarn are wanted per yard of cloth woven. 
1/20's worsted=ll,200 yards. 1 1 ,200 yards per lb.-f-lG=700 yards per oz. 
3,381.81-^700=4.83 oz., weight of the back warp. 
52 picks per inch X62=:3, 224 yards of filling wanted. 
3,224-^-630=5.12 oz., weight of filling per yard of cloth woven. 



Warp,/^''"^' ^-25 «^ 
^' I Back, 4.83 « 



Filling, 5.12 '« 

15.20 oz. 
Answer. — 15.2 oz. is the weight of the cloth per yard (from loom exclusive of selvage). 

To illustrate the difference regarding the weave as selected for interlacing the back warp, we will 
•onDDBGBDDDnaBaBa next calculate the previously given example with the same counts of yarn but with 

Ba»a«'juDan«DB.JiJU i j o r j 

SB5BgaSB:g58Baa§ the weave as given in Fig. 42. 

■BSoSBaBSBSDuB'^n Ill's weave contains the same face weave ( 3 twill) as previously used, the 

liODDnnBaBQDDDDBd , 1 . «. , . 1 . , . /"Ill r> 1 • 1 i r. l «■' 

' only dinorence being the interlacing 01 tlie back warp, tor wluch we use the o-ieat 

satin in place of the ^- 3 twill as used in the former example. 

Face warp and filling, 2/36's worsted. Hack warp, single 20's worsted. 

2/36's worstpd=90 threads will lie side by side piT inch. 

Face weave ^ g twill. 90x4^36J-t-6=60 threads is the proper texture for face structure, and 

60 
— 6 (10 per cent, deduction by means of the back warp stitching with the 8-leaf satin in the face structure)- 

64 Warp threads per inch 5 1 threads 2/36's worsted, for face. 

54 " l/20's " " back. 

108 Thus : 108 warp threads per inch must be used. 

Picks per inch, 58 (the same 4 extra pick as in previous given example). 

Filling, 2/3(i's worsted. Take-up efface warp 10 per cent. Take-up of back warp 8 per cent. 
62| inches for width of cloth in loom, since the 8-leaf\ satin will permit a readier milling (during 
the process of scouring) than the ^ — ^ twill. 

Question : — Find weight of cluth per yard and compare it with previously given example. 
54X62.5=3,375 threads each of face and back warp are wanted. 
100:90:: X : 3,375. 337,500-^ 90=3,750 yards of fjce warp are wanted per yard of cloth woven. 

2/36's worsted=630 yards per oz. 3,750-^630=5.95 oz., weight of face warp. 
100:92 :: x : 3,375. 337,5U0^92=3,668| yards of back warp are wanted per yard of cloth woven. 
1/20's worsted=700 yards per oz. 

3,663. 5-h700^5. 24 oz., weight of back warp per yard of cloth woven. 

58 picks per inch X 62.5' inches width of cloth in reed^3,625 yards of filling wanted, and 
3,625-7-630=5.75 oz., weight of filling per yard of cloth woven. 



Faoe warp, 5.95 oz. 
B.ick warp, 5.24 « 
Filling, 5.75 " 



16.94 oz. 
Thus : 16.94 oz. for practically 17 oz.) is the weight of cloth per yard from loom. 
A comparison between both clotlis results as foiicjws : 

(Using weave Fig. 41.) (Using weave Fig. 42.) (Difference.) 

Face warp, 6.25 oz. 5.95 oz. 0.70 oz. 

Back warp, 4.83 " 5.24 " 0.41 " 

Filling, 5.12 " 5.75 " 0.63 " 



Weight per yard, 15.20 oz. 16.94 oz. 1.74 oz. 

Or, the difference between using the 8-leaf .«atin or ? = twill for the wen ve for the back warp is 1 .74 oz. 

Given two examples will readily illustrate to the student that he must select the weave for the 
backing with the same care as the face weav^e, for, as shown in examples given, we produced a differ- 
ence of If oz. simply by changing the weave for the back warp, using the same counts of yarn for 
warp and filling, leaving the face weave undisturbed. 

The most often used proportion of the arrangement between face and back warp is the one 
previously explained ; i. e., I end face to alternate with 1 end back, but sometimes we also use — 

2 ends face warp . 1 end face warp. 
1 end back warp or 1 end back warp, 

— 2 ends face warp. 

3 ends in repeat. 1 end back warp. 

5 ends in repeat, or any similar arrangement; 

If using the arrangement " 1 end face warp to alternate with 1 end back warp," never use a 
heavier size of warp yarn for the back warp than for the face warp. (See previously given example 
and yon find face yarn 2/36's worsted, (= single 18's) and for back warp, single 20's wor-ted yarn ut-ed.) 

If using "2 ends face warp to alternate with 1 end back warp" a proportional heavier^ yarn 
can be used for the. back warp. (See the previous example where 2 ends face warp, 2/36's worsted, 
alternate with one end back warp, 3|-run woolen yarn). 

Great care must be exercised in selecting the stock for the face warp and back warp for such fabrics 
as require any fulling during the finishing process. Tlie material in the back warp, whi -h '^an be of 
a cheaper grade, mast have about, or as near as poi'sible, the same tendency for fulling as the " stock" 
which is used in the face warp. The student will also readily see that there will be a smaller deduction (after 
finding the face textun;) necessary if using the arrangement of 2 ends face to alternate with 1 end buck than 
if using the simple alternate exchanging of face and back warp explained at the beginning of the chapter. 

For example, take weave Fig. 43, illustrating an 8-harness Granite weave, backed 2 ends face warp, 
1 end back warp. The back warp interlaces 1 pick up and 7 picks down 



u^SSSbBaS^SSaSS^SBHSaBa = 8 picks in the repeat. Examining rules as given for the arrangement 1 

:^3ggBa888BSSSS5^BSS885 and 1, we find a call for a deduction for the face texture of 10 per cent, (see 

iijaBBDDDDL.BnBjQBBD[3aaQ«:^ weave Fig. 42), but which, if using the present arrangement, must be reduced 

' ■ to 5 per cent, j this being one-half less reduction to make for 2 face 1 back 

compared to 1 face 1 back. 

Weave Fig. 44 illustrates the ? twill, backed 2 ends face warp and 1 end back warp. The 

back warp interlaces 1 pick up, 3 picks dowu=4 picks in the repeat. Examining rules as 
given for the arrangement of 1 and 1, we find a call for a deduction from the face texture of SBjuriB 
20 percent, (see weave Fig 41), but which, if using arrangement to suit weave Fig. 44, ' ' 
must be reduced one-half; i. c, deduct only 10 per cent. 



8a 

Example. — Find warp threads per inch for the following cloth : Worsted suiting, Face warp, 
2/36's worsted yarn. Back warp, 3J-run woolen yarn. Use a, weave shown in Fig. 43 ; b, weave 
given in Fig. 44. 

2/36's worsted=^ inch diameter. Face weave, j ^ *^f ^<^^ ^". ^^Pf *^ 

I 4 points of interlacing. 

60 
— ^— =60 threads, proper warp texture for face. o [p per cent.) 

57 
Answer. — If using weave Fig. 43, use 57 warp threads per inch for face. 
Thus : 58 ends 2/36's worsted for face, and 

+29 " 3J-run woolen yarn for back, giving us 

87 ends of warp to be used per inch. 

2/36's worsted^irV inch diameter. Face weave, < . „ . P, '. 

I 2 pomts 01 interlacing. 

60 

— ^ — ^60 threads, proper warp texture for face. \ V •) 

54 
Answer. — If using weave Fig. 44, use 54 warp threads per inch for face. 
Thus : 54 ends 2/36's worsted for face, 

+27 " 3J-run woolen yarn for back, gives us 

81 ends of warp as total number of ends to be used per inch. 

SELECTION OF PROPER TEXTURE FOR FABRICS CONSTRUCTED ON THE 

DOUBLE CLOTH SYSTEMS; i.e., CONSTRUCTED WITH TWO SYSTEMS 

OF WARP AND TW^O SYSTEMS OF FILLING. 

Under double cloth we comprehend the combining of two single cloths into one fabric. Each 
one of these single cloths is constructed with its own system of warp and filling, while the combination 
of both fabrics is effected by interlacing some of the warp threads of the one cloth at certain intervals 
into the other cloth ; hence, in ascertaining the warp texture of these fabrics we have to deal with a 
back warp and back filling, both exercising their influence upon the texture of the fabric at the same time. 

As mentioned and explained in my "Technology of Textile Design" double cloth may be con- 
structed with : 

1 end face to alternate with 1 end back, in warp and filling. 

2 ends face to alternate with 1 end back, in warp and filling. 

2 ends face to alternate with 2 ends back, in warp and filling. 

3 ends face to alternate with 1 end back, in warp and filling, etc. 

The two first mentioned arrangements are those most often used ; hence, we will use the same for 
illustrating the selection of the proper warp texture for the present system of fabrics. 

I End Face to Alternate with i End Back in Warp and Filling. 

For face warp use 4-run woolen yarn. For back warp use 4J-run woolen yarn. 

Question. — Find texture for warp yarn : a, if using weave Fig. iDnBnaSiSDHSHDSa 

HGanaaaa 40 : 0, 11 USlUg weave r ig. 40. DD»B»aaaan«aBana 

¥Mm^ First we have to ascertain the warp texture for the face cloth, gigBgSgBgigBgggB 

^mmnoaao dealing with the same as with pure single cloth. BBfflgiSBm|gRgg 



gcpamamQaaanmnua 

DDBDBponDDBB 

IBffiBnDDDDBDB: 

yarn to use is 4-run woolen yarn. Pig. 46. 



Face weave for both weaves is the 5 4-harness twill, and the igggg§§§§g§g|g§§g 
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4-ru n=6,400 yards per lb. 
j/6,400=i80 

—12.8 (16 per cent.) 



67.2 



twill = 



f repeat of weave, 4 threads, 

I points of interlacing in one repeat, 2. 



67.2X4 



:=268.8-i-6=44.8 threads (or practically 45) required to be used if dealing with a single cloth. 



The next to be taken into consideration is the stitching of both cloths. In both weaves the back 

warp interlaces into the face cloth. In weave Fig. 45, we find the ! twill used for stitching, the 

proper allowance for the same is a deduction of 24 per cent, from the face structure; hence, in 
example : 45 threads, proper warp texture for face cloth, treated as single cloth. 

— 11 " (24 per cent, deducted for I . stitching). ■ 

34 threads per inch must be used for each system if using weave given in Fig. 45. 
In weave Fig. 46, we find the 8-leaf satin used for stitching the same face cloth as previously 
used, the proper allowance for the same is a deduction of 16 per cent, from the face structure ; 
In example given, we find — 

45 threads, proper warp texture for face cloth, treated as single cloth. 
— 7 threads (1 6 per cent, deducted for the I stitching). 

38 warp threads per inch must be used for each system if using weave given in Fig. 46, 
Answer. — Double cloth fabrics given in question require the following warp texture : 
a. If using weave Fig. 45, we must use — , b. If using weave Fig. 46, we must use — 

34 warp threads 4 -run woolen yarn for face, 38 warp threads 4 -run woolen yarn for face, 

f 34 warp threads 4 J-run woolen yarn for back. -)-38 warp threads 4J-run woolen yarn for back; 



or 68 warp threads per inch. 



or 76 warp threads per inch. 



g. 48. 



■OCQiS 

DDnaBD 
□□aQBD 

1 e 

Fig. 47. 



2 Ends Face to Alternate with i End Back in Warp and Filling. 

For face warp use 4-run woolen yarn (same counts as used in previously given example). 
For back warp use 2|^-run woolen yarn. 

Question. — Find texture for warp yarn : a, if using weave Fig. 47 ; b, if using weave Fii 
The face weave in both weaves is the same as given in previous weaves, Figs. 45 and 

46, or the ? . twill, the counts of yarn being also the same ; thus, we can use texture for 

face cloth required from previous example, being 45 threads per inch in loom. 

In weave Fig. 47, we used the plain weave for stitching, the proper allowance for the 
same is a deduction of 8 per cent, from the face structure ; hence, 

45 threads, proper warp texture for face cloth (single cloth), 
— 3 " 8 per cent. (3.6 actual) deducted for the stitching I _. 

42 threads per inch to be used for the face system if using weave given in Fig. 47. 
In weave Fig. 48, we find the 8-leaf satin used for stitching the same face cloth as previously 
used. The manner in which the stitching is done in this example will be of very little, if any, conse- 
quence to the face cloth ; hence, the full number of ends (or as near as posible) as ascertained for the 
face cloth, treated as if single cloth, must be used. In the present example this would be 44 or 45 
threads per inch to be used for face system if using weave shown in Fig. 48. 

Answer. — Double cloth fabrics given in question require the following warp texture : a. If using 
weave Fig. 47, we must use — 42 warp threads 4-run woolen yarn for face. 

-|-21 warp threads 2^-run woolen yarn for back ; or 



63 warp threads per inch. 
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b. If using weave Fig. 48, we must use— "gqgSaggdSgyggSg8Bgg3Sayg 

44 warp threads 4-run woolen yarn for face. ggggB^agggB^'iSSgaggBgggS 

+22 warp threads 2i-rua woolen yarn for back; or gdggaSgRSJSdyggSg'iayBg 

nnn»ffl«3DLiBn«CDGB^Bjnrj»aB 
nnBBDJDGOBGaacBBnua'":BBnD 

66 warp threads per inch must be used. S°DnRBB-"B°BB--— PbE wlfS 

Hnnaeroa-iKi«inBnnHaaH-:HHHn 

_,,, . „ • 1 r- -,.. DDIB. BnrnBfflBriGnBnBDnnBCB 

Jbxampie. — Ascertain texture ot warp required lor a worsted suitmir, to ^SiSgr^gna'aGHpBra^p'pBgSGa 

. 1 • I ,r>/.,^l . 1 " ^ 1 mnr^t r- , i BffiB^JGnB::;B imBGBGmBGBGDn 

be made with 2/40 s worsted lor lace warp, and 2,28 s cotton for buck warp. g^335gS^^3EggflgS6ggGH3Bg 

, ,» loii- .irv IC . 1. ■,■,■• nDGB^BGGr^BGBmrBSBn'^rBCB 

Arrangement of warp and filling to be 2 ends face to alternnte with 1 end g;!!!SR333ggRQ^B""-PaS"gDa 

1- 1 117 ,1 T -rt- jr, -KT • .1 C/.11- IBGBGGLJBfflBGGCBGBaGOBGBGGn 

back. Weave to l)e used, ± ig. 48. JNext, ascertain tlie proper cmints oi nlling '■ * 

and the number of picks per inch, take-np of warp, width of cloth in reed, and 

ascertain total amount of each kind of material required per yard from loom (exclusive of selvage). 

2/40's Avorsted=ll,200 yards per lb. l/jl,2u0, less 10 per cent— U5 threads will lie side by 
side in one inch. 

Face weave (in Fig. 48) is the ; twill=4 threads in one repeat, with 2 points of interlacings; 

95X4 
hence, — =380^-6^63^, warp texture to be used for the face cloth, the same being treated as if 

single cloth. 

In weave Fig. 48, the arrangement between face and back is 2 : 1 ; the weave used for the back is the 
8-leaf satin, and, as we mentioned when laying down rules and examples, for setting double cloth fabrics 

in the loom, that the s requires no deduction on account of the stitching of the back warp in the 

fece cloth, texture to use in this example must be 6 1 face warp threads (2/40's worsted), and 

+32 back warp threads (2/28's cotton) ; hence, 

9G warp threads per inch must be useil. 
Take-up of warp during weaving 12 per cent, for face and 10 per cent for back. The width of 
doth to use in reed will be 62 inches. 

For face filling use the same counts as for face warp, and for back filling use 3-ruii woolen yarn. 
Picks, 66 face, 
+33 back, 

99, total picks to be used per inch, 
64X62=3,968 threads in face warp — 12 per cent, take-up. Thus : 
8,968 Xl00=39B,800-J-88=4,509 yards of face warp yarn are necessary for 1 yard cloth woven 
2/40's worsted=l 1,200 yards per lb.-i-16=700 yards per oz. 
4,509-4-700=6.44 oz., weight of face warp. 
32X62=1,984 threads in back warp — 10 per cent, take-np. Thus : 
198,400-^90=2,204 yards of back warp yarn necessary for 1 yard cloth woven. 
2/28's cotton=ll,760 yards per lb, -5-16=735 yards per oz. 
2,204^735=3 oz., weight of back warp, 
66X62=4,092 yards of face filling are wanted, 
^092-5-700=5.85 oz., weight of face filling, 33X62=2,016 yards of back filling are wanted. 
3-rim woolen yarn=300 yards per oz, 2,046-5-300=6.82 oz., weight of back filling. 
Hence : 6.44 oz., weight of fac« warp (2/40'8 worsted). 
3.00 « « " back « (2/28's cotton). 
5.85 " « « face filling (2/40's worsted), 
6.82 « « « back " (3-run wool). 

22.11 oz. 
Answer. — Fabric given iu example will weigh 22.11 oz. per yard from loom. 



ANALYSIS. 



How to Ascertain the Raw Materials Used in the Construction 

of Textile Fabrics. 



In many instances an examination of the threads (liberated during picking-out) with the 
naked eye, will be sufficient to distinguish tlie material used in the construction of the fabric, 
yet sometimes it is found necessary to use either the microscope, or a chemical test for their 
detection. 

As a means for merely distinguishing between the fibres the simplest and most generally 
applicdble test is to make a microscopical examination of the fabric ; and for this reason it is 
necessary for the analyst 1o be acquainted with the appearance of 1he individual fibres. By 
means of the microscope the fibre used in the construction of a fabric is at once ascertained on 
account of the different surface structures of the various fibres used in the manufacture of 
textiles. This characteristic surface structure cannot be distinguished with the naked eye ; a 
common magnifying glass will not do either, but an enlargement of about 200 limes will in 
most instances suffice. In order to prepare a fabric for examination with the microscope 
liberate (pick out), the threads forming the fabric ; next unt^yist a few threads so as to liberate 
the individual fibres composing the same. Place these fibres upon a slide of the microscope, 
carefully wet them with a drop of distilled or rain water, and cover them with a cover glass ; 
or smear the surface of a slide with glycerine or gum water, upon which the fibres, adhering 
slightly, may readily be arranged for examination. 

MICROSCOPICAL APPEARANCE OF FIBRES. 

Cotton. 

Examining cotton fibres under the microscope shows them to be spirally twisted 
bands, containing thickened borders and irregular markings on the surface. The fibre is as a 
rule thicker at the edges than in the centre, and has, therefore, a grooved or channeled 
appearance. The spiral character is much more higaiy developed in some varieties than in 
others. 

Care must be taken not to mistake wild silk for cotton, since wild silk frequently has a 
similar spiral band like appearance. If airy time in doubt remember 
that these two kinds of fibres can readily be distinguished by other tests. 
The accompanying illustration. Fig. 49, shows cotton fibres magni- 
fied. 

In fully ripe cotton the twisted form is regular and uniform, com- 
pared to unripe, half ripe or structureless cotton, which are now and 

then found amongst a lot of cotton, 
yarns or fabrics. 

For illustrating this subject the 
accompanying illustration. Fig. 50, 
is given. A represents an unripe 
cotton fibre ; B^ a half ripe fibre, 
having a thin cell wall ; and C rep- 
resents the ripe fibre having a full 



A. B. C. 
Fig. 49. resents the ripe fibre having a full Fig. 50. 

twist and a properly defined cell-wall. Fig. 51 shows a structureless fibre as found occa- 
sionally. Half ripe, unripe, and structureless fibres, if found in a lot of cotton, yarn, or 
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fabric, will greatly depreciate its value on account of their poor dyeing and spinning qualities, 
producing poor yarns and fabrics. 



Silk. 




In its natural state silk is a double fibre (see the accompanying illustration, Fig. 52) 
being two threads which are glued together. In the preparatory process of scouring 
or boiling off these two threads are separated and when examined by the microscope 
appear as structureless, transparent, cylindrical little glass rods, without whatever 




Fig. 51. 



Fig. 



52- 




a spiral character, some rather straight and of uniform thickness whereas others are slightly 
bent and irregular as to their diameter. Specimens of silk fibres as appearing under the 

microscope are given in the accompanying 

illustration, Fig. 53. 

Wild Silk. — The most important of these 
is Tussah. Its natural color is a silver drab, 
which requires bleaching of the fibres for 
bright colors. The accompanying illustration. 
Fig. 54, shows its microscopic appearance. 




Fig. 54. 
illustration, Fig. 




^A^eighted Silk is readily distinguished by 

means of the microscope, the accompanying 

55, representing weighted silk waste as 

appearing when viewed with the 

microscope. 

Wool 



is readily distinguished from other 
fibres by means of the micro- 
scope, being built up of an itn- 
mense number of epithelial cells, 
scales or serrations as shown 
in the accompanying illustration 
Fig. 56, representing a typical 
wool fibre viewed under the mi- Fig. 56. 

croscope. The amount of scales 
found per square inch varies with reference to quality— the finer grades having more, 
and the coarser less. If these scales can not be readily seen treat the fibres in question 
with ammoniac copper^ and the scales will become distinctly visible to the eye during 
the swelling up of the fibres. Another prominent feature characteristic to wool is its 
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wave of the crimp ' w ^-^ ^^ v^ V which again varies with reference 
to the different grades of wool found in the market. The more scales per 
inch, and the more wavy in construction the fibre, the more its felting 
capacity. 

Untrue Fibres (caused either by neglected or sick sheep,) now and then 
found in wool are readily ascertained by means of the microscope as seen by 
the accompanying illustration, Fig. 57, representing two such fibres as termed 
untrue, and which readily show that where these abnormal forms occur, 
there are changes in the form and size of the epithelial scales of the outer 
layer as well as in the diameter of the fibre, consequently the internal 
structure of the fibre must be equally affected, thus reducing the strength and 
elasticity of such fibres, and consequently decreasing the value and strength 
of such lots of wool, as well as fabrics, in which these fibres are more or less 
frequently found. 



Kemp or Kempy Wool Fibres are another kind of imperfect fibres found 
in wool. Kemp fibre is a hair of dead silvery white, thicker and shorter than 
the regular wool. They do not seem to differ in their chemical composition 
from the good or true wool fibres, but they present such different mechanical 
arrangement, and possess no absorbent power, thus resisting either entirely 
or partly, the entrance of dye-stuffs, and in the latter case even producing a 
different shade from the good fibres of the same lot, hence they will be 
readily detected in lots of wool, yarns, or fabrics. The accompanying Figs. 
58 and 59, are given to illustrate the various degrees of these kempy fibres. 
Fig. 58, A, is a fibre where the kempy structure continues throughout the 
entire fibre which looks like a glass rod, yet has short and faint transverse lines Fig. 57. 
which indicate the margins of the scales. When the change is a complete 
one, even the application of caustic alkali fails to bring out the lamination of'the scales with 

any degree of distinctness and they seem to be 
completely attached to the body of the fibre up 
to the top of the scale. In some instances even 
the margins of the scales are quite obliterated, 
and the entire surface of the fibre has a silvery 
appearance resembling frosted silver. In Fig. 
58, B, a fibre is shown where the change from 
true wool to kemp is only partial. The lower 
part of the illustration shows wool structure 
(the scales being distinctly visible,) whereas the 
upper portion of the fibre shows the kemp struct- 
ure (having the scales closely attached to the 
surface, giving the fibre the usual ivory-like JiiisS:^ "kv, 

appearance). Both illustrations, Figs. 58, A, and 
B, are representations of fibres seen by reflected 
light. In Figs. 59, A, and B, illustrations 
are given of kemps seen by transmitted light. 
In Fig. 59, A, a kempy fibre is seen with 
Fig. 58. transmitted light and where we see a gradual FiG. 59. 

passage of the kemp into wool. In this case 




j<. 
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with transmitted light the kempy part retains almost the same transparency as the wool, but 
exhibits none of the interior arrangement of cells. Frequently fibres are noticed which have 
a tendency to kemp and wnicn possess an unusuai distinctness in medullary cel^s. Indeed, it 
frequently happens that the kempy structure ta'ls off in the same fibre, not so much as we 
should have supposed so mucli on the outer surface, but down the interior of the fibre, as 
though the change connnenced in the central cells and was gradually extended lo the outer 
surface as the fibre grew. At the extremity, where the kempy structure first appears, the 
central cells are often not contiguous, as though the change commenced in a few cells first 
and tlien became more numerous both in the longitudinal as well as a diametrical direction. 
These kempy fibres often have a considerable degree of transparency when viewed with 
transmitted light, and in this respect lliey vary very much, but they are very seldom as 
transparent as the adjacent wool fibres. 

Sometimes, however, they are very opaque, as will be seen in the fibre shown in Fig. 59, B, 
where the light seems hardly to penetrate the centre of the fibre although it is refracted at 
the thinner edges, while the true wool, both above and below, is quite transparent to the 
same light. In this case, the snme fibre, when viewed with reflected instead of transmitted 
light, exhibited no more signs of a dark color in the kempy than the true wool part, so that 
the want of transparency was not due to coloring matter. 

Kempy fibres are not always white, they are frequently found in coarse, dark colored, 
foreign wools, and even in colored fibres of more cultivated sheep. 

Shoddy are wool fibres re-manufactured out of soft woolen rags which have yet felting 
properties. Shoddy consists cf long fibres of various diameter ; fibres are nowand then found 
spoiled by scales being gone or the ends broken. If examining the shoddy-wool more closely 
its culor will betray the inlerior a' tide compared to wool. The rngs had previously to the 
redyeiug., difi"erent colors and which will influence the second color accordingly. Of the 




Fig. 60. 



Fig. 61. 



Fig. 62. 



accompanying illustrations Fig. 60, shows Cheviot shoddy. Fig. 61, Thibet shoddy as visible 
under the microscope when magnified. 



Mungo is the name for wool fibres re-manufacture out of hard woolen rags, z. e , a cheaper 
grade of shuddv, made out of rags Ironi fulled clo li. Du ing the piocess of re manufaeturing 
said rags into wool by means of picking, carding or garaetting a great many fib.es get hurt, 
broken. Be>ides, on account of the rags coming fiom fulled cloth, this mungo wool has no 
moie fullintj properties left. The point rej^aiding color previously mentioned at shoddy wool 
will also distinguish mungo wool from wool. Frequently cotton fibres will be found amongst 
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said Miino^o, in some cases also silk fibres. Fig. 62, gives us a typical illustration of Mungo 
when seen under the microscope. 

Wool Extract also called Extract is such artificial wool produced from mixed rags from 
which the vegetable fibres were extracted by means of carbonizing. An examination of a 
sample of extract by means of the microscope will show traces of the process of carbonizing, 
by means of the carbonized vegetable refuse found. 

All three divisions of artificial wool are by some manufacturers simply collectively graded 
as shoddy, and in this manner will mostly be taken into consideration when dissecting woven 
or knitted fabrics with reference to materials used in their construction. 



Foreign Wools. 

Amongst these we find Mohair, Cashmere, Alpaca, Vicugna and Llama wool. 

Mohair is obtained from the Angora goat. The epidermal scales are extremely delicate 

and can only be 
noticed by giving 
the greatest of care 
to the experiment. 
The fibre gets 
smaller in diameter 
towards the top end, 
although not form- 
ing a point, and is 
of bright metallic 
lustre. Character- 
istic to it are the FiG. 64. 
fine spots found all over the surface as shown in the accompanying specimen. Fig. 63. 




Fig. 63. 




Cashmere is the product of the Cashmere goat. The fur of this animal i; of two sorts, 

tTS. , a soft wooley under coat of grayish hair, and a covering of long silken hair, that seems to 

defend the interior cdat 
from the effects of winter. 
The under coat, z. e., 
the fine fibres, are read- 
ily distinguibhed by 
means of the stiucture 
of their epidermal scales, 
besides there is no cen- 
tral or medullary portion 
found. Fig. 64, gives us 
a specimen of these fibres. 
They ore used only in the 
manufacture of the finest 
Fig. 65. textiles on accouut of their 

high value. 

The outer coat, which is of a coarser nature, is used in the manufacture of cheaper yarns, 

and shows under the microscope fibres containing the central or medullary portion as seen 

by the accompanying illustration Fig. 65. 





go 





Fig 



Alpaca Wool possesses less lustre than Mohair and only shows its fine scales by strong 
magnifying. In white fibres, grayish colored medullary cells are seen. Fig. 66, gives us a 
specimen of this fibre. 

Vicugna Woollooks at a first glance like alpaca wool ; it is a delicate soft structure. 
The scales are fine, closely resembling those of wool. 
The medullary cells are visible. Fig. 67 is a specimen 

of this fibre. 

Llam a Wool is 
coarser in structure 
compared to vicugna 
wool and of less value, 
being only used in the 
manufacture of cheap 
yarns. 

Fig. 67. 

Camel's Hair is fre- 
quently used in the manufacture of lower grades of yarns 
for backing purposes. The accompanying illustration, Fig. 68, shows pamel's hair fibres 
magnified. 

Sometimes we find what 
is claimed to be finer grades 
of Camel's hair in the mar- 
ket ; this material, how- 
ever, refers to fibres of the 
outer cover of the Angora, 
the fur of the vicugna 
and alpaca; whereas the 
fur of the llama joins more 
toward the camel's hair. 
Now and then the case may 
come up where, in low back- 
ing yarns. 

Fig. 70. 

Cow's Hair is used. For this purpose we give in the accompanying illustration, Fig. 6g, 
specimens of this fibre, which in their natural state are of a white, red or black color, and 
possess slight lustres. They clearly show their central or medullary portion. P, indicates the 
point of a hair. 

The fibres mentioned thus far will cover all materials a manufacturer will come in dis- 
pute with. However, in order to make this paper as complete as possible, we thus reproduce 
microscopical views of 

Flax Fibre, in Fig. 70, of 

Hemp Fibre, in Fig. 71, of 

Jute Fibre, in Fig. 72, of 

China Grass, in Fig. 73 ; besides a representation of these fibres we also show their sections. 
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The microscopical examination of fibres, yarns and fabrics is in the absence of experience, 
sometimes misleading, hence it is well in all doubtful cases to apply some corroborative test 




Fig. 71. 



Fig. 73. 



Fig. -jz. 



of a more definite character. They are supplied by making use of certain chemical reactions 
of the fibres. 

In chemical constitution, cotton is the simplest, and wool the most complex of the textile 
fibres. 

Cotton consists of but three elements, carbon, hydrogen and oxygen, in the proportion 
represented by the formula CeHuOs. In the 

Silk substance another element, nitrogen, is present, and the molecule is at the same 
time much more complex, as is shown by the formula for fibroin, C15H28N5O6. 

Wool contains still another constituent, sulphur, and the simplest formula which will 
conform to the percentage composition contains 39 atoms of carbon. 

TESTS FOR ASCERTAINING THE RAW MATERIALS USED IN THE CON- 
STRUCTION OF YARNS OR FABRICS. 

Cotton, Linen, Jute, China Grass, Silk and Wool. 



1. By burning the threads, given for testing, in a flame the cotton (or any vegetable) 
fibre will change in carbonic acid and water, and this without smell, while those of animal 
origin (wool and silk) change in combinations containing nitrogen, which element readily 
makes itself known by its disagreeable odor, similar to burnt feathers. 

2. Another point which it is well to note, is the rapidity (flash like) with which cotton 
yarn burns compared to the poor burning of a thread having animal substances for its basis. 
Such a thread will shrivel up, forming a bead of porous carbon at the end submitted to the 
flame. 

In some instances a more exact analysis may be required ; if so proceed after one or the 
other of the following formulas : 

3. Boil the sample to be tested in a concentrated solution of caustic Soda or potash, and 
the wool or silk fibre will rapidly dissolve, producing a soapy liquid. The cotton or other 
vegetable fibre therein will remain undisturbed, even though boiling in weak caustic alkalies 
for several hours, care being taken to keep the samples below the surface of the solution 
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during the operation, since if exposed to the air, the cotton fibre becomes rotten, especially 
when the exposed portions are at the same time also brought under the influence (>f steam. 
(Any cotton fibres remaining from testing, if colored, may be bleached in chlorine water, and 
afterwards dissolved with cupro-ammonii.) 

4. To determine whether woolen cloth contains flax or cotton, immerse the sample in a 
ba'h containing a so'u ion of concentrat.d stilphide of sodium. This has the cfiect of dis- 
solving the wool, and the sample can then he entirely freed from it by merely washing in hot 
water; the residuum will be cotton or linen fibre. 

5. To determine whe her a woolen or a linen fab'^ic contains cotton, place the 
sample of the fabric to be tested into a mixture of two parts sulphuric acid, and one part salt- 
peter for e'ght or ten minutes. After removing it, vash thoroughly and dry, then immerse it 
in a bath of ether containing alcohol, which has the effect of dissolving the cotton (if there is 
any present), while the woolen or linen fibres remain uninjured. 

6. Schweitzer's reigent (ammoniacal solution of oxide of copper) dissolves cotton and 
silk but n t wool. Cellulose is reprecipitated by gum, sugar or acids, but the silk substances 
by acids alone. 

7. Concentrated zinc chloride, 138° Tw. (Sp. Gr. 1.69) made neutral or basic by boiling 
with excess of zinc oxide, dissolves silk slowly if cold, but very rapidly if heated, to a thick, 
gummy liquid. This reagent may serve to separate or distinj^uish silk from wool and cotton, 
since these latter fibres are not affected by it. If water he added to the zinc chloride solution 
of silk, the latter is thrown down as a floccu-precipitate. D ied at 230° to 235° P., the pre- 
cipitate acquires a vitreous aspect, and is no longer soluble iu ammonia. 

8. A solution of cotton iu concentrated sulphuric ac'd gives a purple coloration with an 
alcoholic solution of alpha naplithol. This reaction really indicates the presence of sugar, 
and is therefore not given by silk or wo ,1. 

9. Millon's reagent (mercurous-mercuric nitrate) gives a red color with silk or wool but 
not with cotton. 

JO. Wool (also hair and fur) is blackened by heating with a dilute solution of plumbite 
of soda, which is prepared by dissolving litharge in caustic soda. Silk and cotton, not con- 
taining sulphur, are unaffected in color. 

I r. To distinguish wool and silk fibres from cotton and flax, treat a sample of the material 
with picric acid, which wiil have the effect of dyeing the former almost a fast yellow, while 
the latter will remain unaltered in color. 

13. Au acid solution of indigo extract dyes wool and silk, but not cotton. 

13. To decide whether a linen fabric contains cotton, immerse a sample of the fabric in a 
light alcoholic solution of aniline red fjr a short time, after which wash thoroughly, and then 
soak it in caustic ammonia for two hours. The treatment will dye the linen fibres a rose red, 
while the cotton fibres will show no trace of color. 

14 In linen and cotton mixed fabric, a strong potash solution will only impart a very 
slight yellowish tinge to the cotton fibre, while the other will be dyed a deep yellow. A 
mixed cloth, after being removed from this solution, would present a stripeid or spotted 
appearance. 

15. Another easy method to distinguish between linen and cotton is to soak a sample of 
the material in olive or rapeseed oil. Under this process the flax fibre, which in its natural 
condition, is opaque, becomes transparent ; while ihe cotton, which in its natural condition is 
transparent, becomes under this operation opaque. 

16. Silk fibres become dissolved when treated with concentrated muriatic acid. 

Flax, being cellulose, the action of various chemical agents on it are much the 
same as on cotton, but generally speaking, linen is more susceptible to 'disintegration 
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especially under the influence of caustic alkalies, calcium hydrate, and strong oxidizing 
agents a-s chlorine, hydrochlorides, etc. Treated witli sulphuric acid and iodine solution, the 
thick c.-U wall is colored blue, while the secondary deposits, immediately enclosing the 
central canal, acquire a ) ellow color. 

Jute may be considered as consisting of cellulose, a portion of wliich has become more or 
less modified throughout its m us, into a tannin like substance. Alkalies actually resolve jute 
into iuso'iublj cellulo-e and soluble bo lies allied to the tannin matters. It is distinguished 
from flax by being colore.l yellow, under the influence of sulphuric acid and iodine solution. 
Under t'le influence of cli'orine, a chlorinated compound ii produced, which, whtn submitted 
to the action of soJium sulphite, develops a brilliant magenta color. 

Ciina Grass is colored blue by sulphuric acid and iodine solution, hence it seems to 
consist eisentidUy of cellulose. 

HOW TO ASCERTAIN THE PERCENTAGE OF EACH MATERIAL 
CONSTITUTING THE FABRIC. 

Test for \Vool and Cotton or Silk and Cotton. 

Cut sample for testing to a knowti size with a sharp pair of scissors, or stamp out the 
desireJ quantity with a die of which you know the exact size. Next weigh the sample upon 
a sensitive scale, and make a memorandum <f its weight; then dry at a temperature of from 
212" to 230° F., till no further loss of weight is possible, and weigh sample again. This 
weight deducted from the first will give you the amount of moisture in the sample. The 
dried fabric is next boiled for about five minutes in a s jlution containing about 10 per cent, 
of caustic soda, calculated t ) the weight of the material, and which will be srong enough to 
entirely dissolve the animal (wuol or silk) fibre. The remainder being the cotton the fabric 
contained, which wash well with water, and next with dilute acetic acid and again with 
water. Dry this refuse at 212° to 230° F. and when perfectly dry, weigh, thus giving )0u the 
amount of cotton present, which, if added to the amount of moisture and deducted from the 
original weight of the fabric, will give you the amount of animal (wool and silk) fibre, the 
fabric contains. 

If the sample contains the cotton added in a special structure, for example double cloth, 
the cotton in itself will form a coherent fabric throughout the process. The same, if the per- 
centage of cotton in warp and filling of single cloth structures predominates, or any way is 
sufficient to hold the structure by itself together, no difficulty ii apparent. However, if after 
boiling with caustic soda the texture transforms itself into individual fibres or threads floating 
about the liquid, care must be exercised not t > lose any of these individual fibres, they must 
be carefully filtered, and tlie greatest caie taken that no fibres get lost in the subsequent 
washing, drying and weighing processes. 

How to Ascertain the Percentage. 

The amount of each kind of fibre in a sample is in proportion to the percentage of each 
fibre in a full piece of cloth. 

Examplr. — Required to ascertain the percentage of cotton and wool fibre in a fabric. 

Sample for testing weighs 60.24 grains; after drying at 212° F , i. e., extracting all 
moisture, it weighs 55.33 grains. The refuse of cotton after drying at 212° F. weighc 
20.08 grains. 
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6o.24 grains = total weight of sample 

— 55-32 " = weight of dried sample 

4.92 " = moisture. 

20.08 grains = weight of dried cotton in sample 
+ 4.92 " ^ moisture found in original sample 

25. 90 " = weight of cotton and moisture. 

60.24 grains = total weight of sample 

— 25.00 " = weight of cotton and moisture 

35.24 " = weight of wool fibre in sample. 
Answer. — The sample in question contains 
35. 24 grains wool fibre 
20.08 " cotton fibre, and 
+ 4.92 " moisture 

60.24 " total weight. 
And 

20.08 : 55.32 :: x : 100 = 36.29 per cent, cotton. 

35 24 : 55.32 :: x : 100 = 63.71 per cent. wool. 
Answer. — The sample in question contained 

36.29 per cent, (about 36^^ per cent.) cotton. 

63.71 per cent, (about 63^ per cent.) wool. 

Test for Wool and Silk. 

Weigh your sample, next dry it at 212-230° P., weigh it again, and deduct this weight 
from the weight first gotten, and thus obtain the moisture of the fabric. Next dissolve out 
the silk from the fabric by boiling the latter in a solution containing 
850 parts of water 
400 " " zinc chloride 
40 " " zinc oxide. 
Then wash sample thus treated in water, next in dilute hydrochloric acid, and finally in 
water ; dry and weigh. The percentage of silk the fabric contains will be found somewhat 
too low, for the reason that the zinc is permanently absorbed by the wool fibre. 

Test for Fabrics Composed of Cotton, Silk and Wool. 

Proceed with the fabric as in the case before ; after separating the silk and thus ascertain- 
ing the amount of wool and cotton left, the first (wool) is dissolved in caustic soda and the 
amount of cotton in the fabric thus readily obtained. 

HOW TO TEST THE SOUNDNESS ^i. e. THEIR STRENGTH) OF FIBRES 

OR YARNS. 

The soundness or strength of a fibre (i. e. its elasticity) is of the greatest importance to a 
manufacturer. 

Most often this point will become of importance when selecting or buying a lot of raw 
materials, yet it also will be a necessity to test either fibres used in the construction of yarns,, 
or fibres or yarns used in the construction of fabrics. 
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Illustration and Deccription of a Testing Machine.— In order to ascertain exactly the 
strength of the various fibres or yarns, the amount of their elasticity, the use of a little 
machine, as shown in the accompanying illustration, Fig. 74, will be found of great advan- 



tage. Letters of reference in the illustration indicate as 
wood (generally leaded) upon which is fixed a pillar B. 




Fig. 74. 



follows : A, is a base board of hard 
The top end is forked into a jaw, 
carrying on each side a screwed 
centre-piece, into which is fixed 
the fulcrum of the lever C, D. 
These two center-pieces can be 
screwed closer together, or further 
apart, as required, and the pivot 
which forms the fulcrum E, 
of the lever is pointed at 
each end, and fits into a hol- 
low in the two ends of the center- 
pieces and enables it to work 



perfectly free, and yet can have no lateral motion as would be the case if knife edges 
were used. 

The lever from E, to D, is divided into five equal parts, each of which is equal to the 
distance of the center of the jaws C, from the centre of the fulcrum at E. G, is a balance 
weight to counterpoise the longer arm E, D, of the lever. Each of the five divisions of the 
lever E, D, are divided into ten parts. The range of the instrument depends upon the weight 
of the sliding weight F, and which can be varied when desirable. Three different weights, 
viz., 50 grains, 100 grains, and 1,000 grains are most frequently used, and the range of the 
instrument with these difierent weights is as follows : 



Weight. 


First 
Division. 


Second 
Division. 


Third 
Division. 


Fourth 
Division. 


Fifth 
Division. 


Grains. 

50 

100 

1,000 


Grains. 

50 

100 

1,000 


Grains. 
100 
200 
2,000 


Grains. 

150 

300 

3,000 


Grains. 
200 
400 
4,000 


Grains. 
250 
500 
5,000 



By using the intermediate decimal divisions of spaces on the levers, we obtain in the case 
of the 50 grains weight, an increase of 5 grains for each division ; with the 100 grains weight, 
10 grains for each division, and with the 1,000 grains weight, 100 grains for each division ; 
so that the range is from 50 grains up to 5,000 grains, with diflference of not less than 2.5 
grains when the 50 grain weight is used, 5 grains when the 100 grain weight is used, and 50 
grains when the 1,000 grain weight is used. At the end of the lever D, a graduated scale H, 
^s placed, divided into spaces which enable the elasticity of the fibre to be measured in terms 
of the distance of the two jaws C, and I, from each other. The generally used arrangement 
is that if the jaws C, and I, are separated one-tenth of an inch it will indicate half an inch on 
the scale H, thus enabling very small ranges of elasticity to be readily seen. 

A small stop S, adjusted by a thumb screw at the back of the plate, is inserted in a long 
slot in the divided plate so as to prevent the lever from falling when the point of fracture is 
reached. 

For moving the weight along the lever a fine silk thread (attached to the ring which 
slides along the lever) is generally used so as to avoid any pressure which otherwise would be 
exercised if using tlie fingers. Generally two or three experimental tests are made previously 
to the final ones as required for reference. 
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HOW TO TEST GIVEN COUNTS OF YARNS. 

The simplest method of testing a given count is tlius: — 

^«/^.^Reel as many yards as there are lianks to tlie ponnd in the count to be tested, 
and weigli against izyi (12.5) grains for woisted ; 8^ (8 33) grains fur cotiun ; 43/^ (4-375) 
grains for woolen yarn run s)sumx, and 231^^ (23 33) grains for woolen yarn cut s\sttm. Fol 
spun silk proceed as per Cotton ; for linen, as per woolen cut sy-'tt-m. The reason for the 
above shortenings of the process is fonnd in the fact that there are 7,000 grains in one ])onnd 
avoirdupois. For this reason, i yard of is worsted wonld weigh 7 oon -=- 560 = i2'<^ erains, 
and 10 yards of lo's worsted, 20 yards of 20's, 60 \ ards of 6o's, etc. , all should weigti the bame. 
The same reasoning applies to the other system of grading (coundng) yarns. 



HOW TO ASCERTAIN THE WEIGHT OF CLOTH PER YARD FROM A SMALL 

SAMPLE. 

Frequentlv it happens to the manufacturer to ascertain from a small sample the weight 
of the labric in ounces per >aid. Tlie more experienced manu actnrer will promptl) judge 
said weiglit by simply handling the sample betwten his thumb and forefinger, i. e., asceriaiu- 
ing its bulk; again, by lifting, a^ to its weight with reference to size of sample in question. 
However, it will also be of benefit to the most experienced manufacturer to test the correct- 
ness of his practical gnesswurk by weighing the sample on hand on accurate scales, and 
?scertainiug from it, by figuring in proportion, the weight in ounces per yard for the fabric. 

How to Proceed — Trim your sample most acurately to the greatest possible size, for 
the greater the amount of sirfice )ou can obtain the more accurately you cm figure. After 
you have thus carefully trimmed your sample to a known size, put it on the scales and ascer- 
tain the weight in grains; from the size of sample and its weight in grains ascertain by pro- 
portion the weight in ounces per jard. 

The whole procedure will be best explained by 

A Practical Example.— Suppose we trimmed our sample, which was a 6/4 fancy cassi' 
mere, to 3 X 3 inches = 9 square inches, and found it to weigh 45 grains; thus— 

Rule:— f^" \ : /'*" ^eightv ,. /Q" in one yard \ . /its weightv 

\in sample/ ' \ in grains / " \of the ptece of cloth/ " \ in grains/ 

Our example: — 9 : 45 " i944 : x and 

45 X 1944 = 87480 -7- 9 = 9720 grains 
9720 -i- 437^ (giains in one oz.) = 23.21 

Answer: — The fabric in question weighs 22 21 ounce or practically 22 J^ ounces per yard. 
Above rule given in the imjporiiou might thus be express d lor a standing 

Pule: — Multiply weight in grains of .'•ample with number of square inches in one yard 
of the piece of cloth and divide the product by number of square inches in sample; the quo. 
tient divi le by 437^ thus obtaining the weight of the fabric for one yard expiessed iu ounces. 

The same result is obtained if proceeding after 

Another Rule : — Cut your sample to a known .size and divide the number of square inches 
thus derived into the number of square inches one yard of the f.ibric contains, multiply the 
quotient of this division with the weights in grains of your sample and divide the product 

by 437 >^- 
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The previously given example will figure according to this calculation : — 
54" fabric = 1944 G" ' 

1944 -=- 9 ^ 216 X 45 = 9720 -^ 437.5 = 22.21 oz. weight of fabric per yard, being the 
same answer as before obtained. 



HOW TO CALCULATE THE WEIGHT OF FINISHED CLOTH. 

Little if anything on this subject can be found in print, since the subject is one which 
must be mastered mostly by experience, again rules would be hard even to apply to every 
fabric of a certain grade of cloth ; however points thus given will assist the student in his 
calculations. 

After mastering the rudiments of the grading of yarns it is an easy matter to ascertain 
the weight of cloth from the loom, since this is nothing but common arithmetic, however, 
it is not so easy for the novice to calculate the weight per yard for finished cloth. In cloth 
made of wool the variation in weight are caused by the loss of oil, grease and dirt in scouring ; 
loss of fibres in fulling, gigging ; increase in weight on account of take up warp-ways of the 
fabric at fulling, and which contraction again may be varied at will according to circum- 
stances. With reference to cotton and linen the influences above mentioned are of no account 
since these materials have little, if any, felting properties. The only modifying influence to be 
taken into account by these materials is, the bending of warp or filling, or of both systems 
during weaving, and the amount of sizing, starching, put into the cotton, etc., during the pro- 
cess of sizing. With reference to silks, variation will also occur, regulated by the condition 
of the yarn, if the same contains a great amount of saliva (gum) left on the fibres quite a loss 
in weight to the fabric may be expected, whereas properly boiled-off silk will lose little, if 
any, during the process of finishing (especially at scouring) of these fabrics. 

With reference to woolen and worsted yarn, as previously mentioned already, the loss of 
oil, etc., which all yarns of this class contain, must be carefully taken into account. The best 
plan will be to reel off a small amount of yarn, weigh, it, next scour the same with soap at 
about 96° F., dry and leave the yarn lay for a few days, in order to regain its natural moisture, 
then weigh again, and calculate shrinkage. If you want to be very accurate, test a second 
sample, and proceed as before, and if not obtaining the same result, strike an average between 
both losses for the loss to use in your calculation. 

The next process which will influence the weights of woolen cloths is that of finishing 
and which is a subject that only can be mastered by experience on account of the various 
finishes to which said fabrics are subjected. In fact the only way for a test of this subject is 
the finishing of a sample piece. As previously already alluded to the weight of woolen cloth 
can be varied during the process of fulling by means of shrinking the fabric lengthways, also 
by tentering, crabbing, etc. ; however there are limits to the modifying influences of these 
operations, and these limits must be understood if good results are to be obtained. 

This fact of shrinking (take-up) fabrics warp ways during the process of fulling is of the 
greatest influence to the finished weight. Since cloth is sold at a certain price for a certain 
weight, and width of the fabric, any shrinkage' (take-up) filling ways, will not influence the 
weight of the cloth per yard. The previously referred to shrinkage of a fabric warp-ways 
will best be explained by an 

Example. — A fabric from the loom 50 yards long weighs 14 ounces per yard. Less in 
oil, fibres, etc., during fulling and scouring 13 percent. Fabric fulled up to 40 yards. 

Question. — Find weight of cloth per yard after fulling. 

50 yards length of cloth from loom. 

X 14 ounces weight of cloth per yard from loom. 
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700 ounces total weight of the piece from loom ; and 

loo : 88 : : 700 : x 

88_X 7oo_ 616 and 
100 

616 -H 40 (yards in finished fabric) ^ 15.4 ounces. 

Answer. — 15.4 ounces weight oP cloth per yard after fulling. 

The average loss in weight for woolen cloth, which is generally taken into consideration 
at calculations is thus ; for ordinary goods allow about 5 on the calculation weight which 
will bring a fabric of a total weight of 100 pounds from loom down to 80 pounds. For 
clear face finished cloth allow about % on the calculation weight, hence a piece of cloth 
weighing 100 pounds from the loom will weigh 75 pounds finished. However, these weights 
will vary. 

After picking out a sample of cloth, the student will find on pages 263-268 of " Tech- 
nology of Textile Design," all the information necessary on the subject of " How to ascertain 
from a finished sample its texture required in loom ; how to ascertain counts of yarn required, 
and the amount and direction of twist ; how to ascertain the weight of cloth per yard from 
loom, etc." 

HOW TO TEST AND ANALYZE THE VARIOUS FINISHES OF COTTON GOODS. 

The first to be done when required to ascertain how a fabric has been finished, is 
to examine the external or physical properties, since a practical eye can detect at once if the 
fabric in question has been simply calendered or glazed, or if starched on the reverse side, etc. 
By examining the fabric against the light, it is easy to observe whether it has been filled or 
not, besides a heavily weighted cloth will lose much of its stiffness by rubbing it between 
the fingers. If, in tearing Ihe sample, a lot of dust flies off, this iiidicates a weighted finish ; 
ind by the aid of the microscope we can readily see whether the thickenirg is superficial or 
(vhether it has penetrated into the fabric, and if it contains mineral substances. 

Next we must ascertain the amount of moisture the fabric contains by carefully weighing 
& sample of a known size, drying it in a stove until there can be no further loss of weight, 
then re-weighing the dried piece. The difference of weight is the amount of moisture in 
the cloth. 

Although we cannot come to a conclusion as to the quality of the finish by this process, 
yet it is better to make it, since cellulose by itself is less hygrometric than wheat and other 
starches. If there be a great difference in the weight, this is a certain indication of the cloth 
being heavily starched. 

To know exactly how much foreign matter a cloth contains, treat a large sample of the 
fabric with distilled water containing malt, let it disaggregate, wash afierwards and weigh. 
In this first experiment the difference in weight will indicate the quantity of foreign 
substances deposited on the fabric ; but even after this treatment, certain insoluble soaps may 
still remain in the fabric and it is necessary to again boil in weak acid to remove all fatty 
matters. Weigh again to obtain the actual total loss, and, from the difference iu weight, the 
percentage of dry finishing substances is determined. In testing printed or dyed goods, we 
must bear in mind that all colors are more or less attacked by acids. 

The next process is to examine the components, and for which two operations are 
necessary ; first treat with boiling water for a few hours, this removes the ftculae, starches, 
thickenings, gums, soluble salts, alum, sulphates, chlorides, etc., and minerals or earthy 
matters ; secondly, by filtering, separate the soluble from the insoluble substances. Soluble 
substances are detected in the following manner : — evaporate part of the liquid, treat a few 
drops with tincture of iodine, which will reveal starchy substances by turning blue ; if no 
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ptarch be found, again concentrate the whole and add two or three times its volume ol 
alcohol, when glue, dextrine and gum are precipitated. Gelatine is detected by a tannin 
solution which precipitates it. 

To distinguish gum from dextrine, use the Polariscope, when dextrine is diverted to the 
right, gum to the left. The mixture of the two can be sufficiently indicated by basic acetate 
of lead, which, when cold, precipitates gum, but not dextrine ; when warm, both are 
precipitated ; if no precipitation be obtained, but an organic substance be still shown by the 
incineration on the platinum blade, this indicates the presence of mosses, lichens, etc. Sugar 
is found by Fehling's liquor, before and after interversion ; add to the tolerably concentrated 
aqueous liquor a few cubic centimetres of pure hydrochloric acid, ordinary concentration, 
warm in water bath, in an apparatus with reflux refrigerator and treat with copper solution. 

If it is desired to examine still more closely the soluble mineral substances, recourse must 
be had to the usual methods of analytical chemistry. 

In the residue insoluble in water, we again find the earthy matters, which it is unneces- 
sary to examine closer, as generally the most economical are employed and China clay is one 
of the only substances which fulfils almost all the conditions and therefore is also the most 
frequently used ; alabaster, gypsum and talc or French chalk, are also found in this residue. 

If it is desired to detect resin, take a sample of the cloth, boil it with carbonate of soda, 
which dissolves the resin the presence of which is shown by the precipitate of sylvic acid 
obtained from the liquor when treated by an acid. The other fatty matters do not give any 
precipitate, but an oily fluid which swims on the surface of the liquor. Glycerine is found 
in the watery solution and can be detected, after the damping of the drying process by the 
acroleine reaction, which takes place after treating with sulphate of potash. 

To ascertain the quantity of fatty matters contained in a certain finish, a second opera- 
tion is performed by ether, which dissolves all fatty matters. After evaporation the weight 
of the residue expresses the quantity of fatty matter. An exact analysis of this mixture is 
not possible practically ; we must be satisfied with treating with boiling water and thus 
ascertain that there are no soluble substances in the water. 

In analysing the quality of a certain finish it is almost impossible to obtain the quantita- 
tive proportions : the various.qualities of cloth requiring such varied treatment. The prin- 
cipal point is to know what substances are incorporated and this determination once made, 
it is for the practitioner to discover by preliminary experiments,- the proportion of the various 
ingredients. 



THE BEST SIZE FOR COTTON GOODS 

consists of: 

Starches. 

Chloride of magnesium to give the necessary moisture and consequent suppleness and 
pliability to the warp. 

0/(5rz(fi? o/" Zz'«£' (Antiseptic) to prevent mildew in damp weather, consequent upon the 
necessary use of magnesium. 

Neutralized Fat (in place of Tallow) to prevent the yarn from sticking to the cylinder 
and breaking in the opening rods. This neutralized fat mixes readily with the size and does 
not swim on top same as tallow or oil. 

Sizing Wax (specially made to melt and dissolve in the size at a low temperature) usecl 
to smooth the yarn and lubricate the heddles and reed. 

Gum (white) to gi^'e additional strength. 

China Clay (or French chalk) for extra heavy weight. 
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Size Glue (Gelatine) or bone size, used for the purpose of fixing the other ingredients. 
The amount of each ingredient required is regulated by the kind of yarn used and cloth to 
be woven. 



TO ASCERTAIN THE PERCENTAGE OF SIZE 

(or finish) in a piece of cotton cloth, weigh sample, then wash and dry it and weigh it again, 
and the diflference represents the amount of size or finish in the sample. 

Example: — Sample for testing 6" X 6" = 360" weighs 7.46 grains. After scouring 
and drying this sample weighs only 5.33 grains. 

Question : — Ascertain percentage of size employed 
5. 32 : 7.46 : : 100 : x = 140.22 

i. e. according to sample 100 pounds yarn have been sized to 140. 22 pounds 
giving us 

Answer : — The fabric requires 40 per cent, (actually 40.22 per cent.) sizing. 



SUBSTANCES USED IN FINISHING COTTON CLOTH. 

Ear Stiffening: — Corn, wheat, rice, acorn, maize, barley, chestnut, potato or farina 
starches and diverse flours — Arrow-root, salep, sago, tapioca, linseed — Gums, dextrine, 
leiogomme, gelatine, isinglass, lichens, Iceland moss, algae, apparatim, dulcine, albumen, 
casein. 

For Softening : — Glycerine, glucose, fatty matters, tallow, paraffin, stearine, spermaceti, 
cocoa-nut oil, soluble oil, olive oil, bees or Japan wax, soda ash, ammonia, chloride of calcium 
or zinc. 

For JVeig/iiing :— Gypsum., plaster of Paris, chalk, Spanish clay, the sulphates of lime, 
baryta, magnesia, soda, zinc oj lead, talc, china-clay, chloride of magnesia or barium, car- 
bonate of barium, cellulose. 

For Coloring Size : — Ultramarine, blues, pinks, violets, greens, Prussian blues, indigo 
blues, Paris blue, soluble indigo blue, aniline blues of all kinds, cobalt blues, indigo carmine, 
ammoniacal cochineal, black, grey and dark mineral matters, etc. Ochres of all colors. 

Antiseptics: — Carbolic, salicylic, tannic, oxalic, boracic, formic, arsenic and arsenious acids, 
reosote, camphor, sulphate of zinc, chloride of zinc, borate of soda, alum, sulphate of alumina, 
chloride of sodium. 

To make Fabrics Water-proof: — Greasy matters of all natures, resin, paraffin, tannic acid, 
drying oils, salts of alumina, alums, carbonate of magnesia. 

To render Fabrics Incombustible : — Boracic acid, borax, phosphate of soda, lime or 
ammonia, carbonate of magnesia, alum, sulphate of soda or zinc, silicates in general, gypsum, 
salts of magnesia. 

To give Metalic Lustre : — Sulphides of lead, silver, tin, antimony, etc. Bronze, silver, 
copper and gold powders, argentine, etc. 
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SPEED, BELTING, POWER, ETC. 

SPEED. 

How to Find the Circumference of a Circle, or of a Pulley. 

Rule. — Multiply the diameter by 3. 1416 ; or as 7 is to 22 so is the diameter to the circum« 
ference. 

How to Compute the Diameter of a Circle, or of a Pulley. 

Rule. — Divide the circumference by 3. 141 6 ; or multiply the circumference by .3183 ; or' 
as 23 is to 7 so is the circumference to the diameter. 

How to Compute the Area of a Circle. 

Rule. — Multiply the circumference by one-quarter of the diameter ; or multiply the 
square of the diameter by . 7854 ; or multiply the square of the circumference by .07958 ; or 
multiply half the circumference by half the diameter ; or multiply the square of half the dia- 
meter by 3. 1416. 

How to Determine the Speed of a Driven Shaft when the speed of a driving shaft or wheel 
and the size of the gearing transmitting the power is given. 

Rule. — Multiply the speed of the fiirst driving shaft by the size of the driving wheel or 
wheels, and divide by the size of the driven wheel or wheels. 

Example. — A line shaft in a weave room revolves 120 times per minute, and carries 
pulley 12 inches in diameter. The looms driven by them cari^ pulleys 10 inches in diameter. 

Question. — Find the speed of the looms ? 

120 ^^ T2 

Answer. — The speed of the looms is = 144 revolutions. 

10 

The term size of the wheel in before given rule includes either the number of teeth, dia- 
meter, radius, or pitch circle, and refers equally to bevel and other cog-wheels or rope or strap 
driving. 

A Pair of Mitre Wheels are bevels which have the same number of teeth, and which 
reverse the direction of the motion, consequently make no change in the speed. 

Ho^v to Compute the Velocities, etc., of toothed gears. The relative velocities of gears 
IS as the number of their teeth. 

Where idle or intermediate gears intervene they are not reckoned. 

The Pitch of a Gear is the distance apart of the teeth from each other, and gears of un- 
equal pitch cannot run together. 

Bevel Gears are employed for shafts fixed at various angles, and running at different 
velocities, governed by the respective bevels, which may vary in size, as with spur gearing. 

N. B.— These rules are practically correct. Though, owing to the slip, elasticity, and thickness of the bell, the circumference of the 
driven seldom runs as fast as the driver. 

Belts like gears, have a pitch-line, or a circumference of uniform motion. This circumference is within the thickness of the bell; 
and must be considered if pulleys differ greatly in diameter, and a required speed is absolutely necessary. 
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In computing the velocities of gear-wheels their diameters on the pitch line may be 
taken instead of the number of their teeth. 

The Pitch Line of a gear is a circle struck from the centre, and passing through the 
middle of the teeth. It defines the diameter of a gear, which is not, as many suppose, the 
whole distance across from point to point of teeth, but half way from bottom to top of teeth. 

To Measure the Diameter of a Gear it is only necessary to take the distance from the 
bottom of the teeth on one side to the top of the teeth on the opposite side of the gear. 

To Ascertain the Pitch of a Gear. — Find the diameter as above, then count the teeth, and 
divide their number by the diameter. 

Example. — If a gear of 21 teeth measures 3 inches diameter on the pitch line, then the 
gear is 7 pitch. 

Driving-Driven. — The manner of describing the driving wheel must also be applied to 
the driven. If the diameter of the driving wheel be taken, we must also use the diameter 
for the driven wheel, and neither the radius or circumference. 

Example i. — An engine has a driving wheel 20 feet in diameter, revolving 40 times per 
minute, which drives, by means of ropes, a pulley on the second motion shaft 2 feet in 
radius. 

Question. — Ascertain the speed of the second motion shaft ? 

Two feet radius = 4 feet diameter, thus : 40 X 20 feet -h 4 = 200. 

Answer. — 200 revolutions speed of the second motion shaft per minute. 

Example 2. — Speed of under shaft of a loom 80, the same carries a lo-teeth bevel, which 
gears with a 10 on an upright shaft at the top of which a 32-teeth wheel on a block of tappet 
wheels, is driven by an 8. 

Question. — Find the speed at which they revolve ? 

80 X first driver, 10 X Second driver, 8 -J- first driven 10 and second driven 32. 

80 X 10 = 800 X 8 = 6400 -H 10 = 640 -^- 32 = 20. 

Answer. — 20 revolutions per minnte. 

How to Distinguish the Driver from the Driven Wheel. — If the gearing is in motion a 
glance will usually suffice to show this, since if a wheel is bright or worn on the front of the 
tooth, i. e., on the side in the direction of which the wheel is moving, it is the driver ; whereas 
the driven wheel is worn on the side of the tooth further from the direction of motion. With 
reference to bands or straps, one side of the band or strap is always tighter than the other 
since the driver is doing the pulling. 

How to Find the Speed of the Driving Wheel, when the speed of the last driven wheel and 
the size of the gearing are known. 

^m/<?.— Multiply the speed of the last driven wheel by the size of the driven wheels and 
divide by the size of the drivers. 

Example. — A spindle revolving 1,500 times per minute, is driven from a line shaft by a 
30 inch drum to a 10 inch pulley, which is fixed to a 10 inch tin roller driving the x% inch 
wharve of the spindle. 

Question. — Ascertain speed at which the line shaft will revolve? 
The drivers being 30 and 10, and the driven 10 and i^. 

1500 X 10 X ij{ = 18750. 
18750 ^- 30 = 625 -H 10 = 62.5. 
Answer. — 62>^ revolutions per minute speed of line shaft. 
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How to Obtain the Size of the Driving Wheel the speed of the driven and driving shaft 
and the size of the driven pulleys being given. 

Rule. — Multiply the speed of the driven by the size of the driven pulleys, and divide by 
the speed of the driver. 

Example. — A shaft having a speed of 125 per minute, drives another at 100 per minute, 
on which is a 40-tooth bevel wheel. 

Question. — Ascertain the size of a bevel wheel on the driving shaft? 

100 X 40 -^ 125 = 32, 

Answer. — The bevel wheel on driving shaft has 32 teeth. 

How to Obtain the Size of the Driven Wheel if the speed of the driver and driven wheel or 
wheels are given and also the size of the driver. 

Rule. — Multiply the size of the drivers by the speed of the first driver, and 'divide by the 
speed of the driven, and by the driven pulleys given, if any. 

Example. — A shaft making 17 revolutions per minute carries a 15-tooth wheel, which 
drives a second shaft by means of a wheel the number of teeth in which it is desired to find. 
On this shaft is a 120-tooth wheel driving one of 64 teeth, which latter revolves at 16 revolu- 
tions per minute.- 

Question. — Required the size of the first driven wheel? 

Drivers 15 and 120. Driven 64. 

120 X 15 X 17 -f- 15 -^■ 64 = 30. 

Answer. — 30 teeth required in wheel. 

Worm Wheels. — As drivers only are usually single threaded and are equal to one tooth 
as a multiplier of speed, worm wheels are used to rapidly diminish speed. 

Example. — A worm wheel revolving 750 times per minute, drives a 150-tooth wheel. 

Question. — What is the speed of the latter ? 

Answer. — 750 X i -^- 150 = 5 revolutions per minute. 

If the worm wheel had been double-threaded it would have taken two teeth at one revo- 
lution, and the result would have been 10, obtained thus : 750 X 2 -^- 150 = 10. 

A Mangle Wheel is a driven wheel only, and is used to reverse its own direction of 
motion. The speed for it is calculated as for an ordinary wheel, but since the tooth at each 
end IS used only once in a double revolution, (all the others being used twice) its size is taken 
as one tooth less than it actually is. 

Example. — A 12 pinion revolving 350 times in a minute, drives a mangle wheel of 140 
teeth or pegs. 

Question, — How many times will the mangle revolve in a minute ? 

350 X 12 -^- 140 = 30. 

Answer. — 30 revolutions (equalling 15 in each direction) speed of mangle in a minute. 

How to Change the Speed of a Driven Pulley, Shaft or Wheel. 

Rule. — Increase the size of the driver or decrease the size of the driven pulley in exact 
proportion to the increase of speed required. 

To Increase the Speed by Increasing the Size of the Driver. 

Example. — A loom now running at 85 picks per minute is required to be changed to 95 
picks • the diameter of the present driving pulley on the line shaft of the weave room is 15 
inches. 
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Question. — Find size of new pulley required ? 

95 X 15 -^85= 16}:. 

Answer. — Size of new pulley required 16^. 

To Increase the Speed by Decreasing the Size of Driven Wheel. 

Example. — The cams of a loom being set for eight-harness twill, it is desired to weave a 
six-harness twill, thus increasing the speed of the shaft carrying the cams in the proportion of 
6 to 8. The driven wheel on the shaft being an 80. 

Question — To what size must the driven wheel on the shaft be reduced ? 

80 X 6 -f- 8 = 60. 

Answer. — The driven wheel must be changed to a 60. 

How to Ascertain the Circumferential Velocity of a Wheel, Driver or Cylinder. 

Rule. — Multiply the circumference in feet by the number of revolutions per minute. 

Example. — A roller has a circumference of 4 feet and makes 12 revolutions per minute. 

Question. — Ascertain its circumferential velocity ? 

4 X 12 = 48. 

Answer. — Its circumferential velocity is 48 feet. 

How to Find the Speed of Last Shaft where several shafts and pulleys intervene. 
Rule. — Multiply all the drivers into each other and the product by the speed of the first 
shaft, divide this product by the product of all the given pulleys multiplied into each other. 

HoAv to Ascertain the Number of Revolutions of the Last ^Vheel at the End of a Train 
of Spur W^heels, all of which are in a line and mesh into one another. 

Rule. — Multiply the revolutions of the first wheel by its number of teeth, and divide the 
product by the number of teeth of the last wheel ; the result is its number of revolutions. 

How to Ascertain the Number of Teeth in Each Wheel for a Train of Spur-Wheels, 
each to have a given velocity. 

Rule. — Multiply the number of revolutions of the driving wheel by its number of teeth, 
and divide the product by the number of revolutions each wheel is to make, to ascertain the 
number of teeth required for each. 

How to Find the Number of Revolutions of the Last Wheel of a Train of Wheels, 
and pinions^ spurs, or bevels, when the revolutions of the first, or driver, and the diameter, or 
the number of teeth, or circumference of all the drivers and pinions, are given. 

Rule. — Multiply the diameter, the circumference, or the number of the teeth of all the 
driving wheels together, and this continued product by the number of revolutions of the first 
wheel, and divide this product by the continued product of the diameter, the circumference, 
or the number of teeth of all the pinions, and the quotient will be the number of revolutions 
of the last wheel. 

How to Straighten a Crooked Shaft. — Set the shaft on the blocks at each end, and 
under the hollow side make a fire, or apply sufficient heat to make the shaft hot. Now, with 
a swab, put water on the top, and the contraction will, by repeated operations, finally straighten 
the shaft 
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How to Cool a Hot Shaft. — Make a belt of something of a loose, water-absorbing 
lature, and hang it over the shaft as near the hot journal as possible, allowing it to hang 
lown and run loose on the shaft. A pail of water may now be fixed so the lower part of the 
Jelt will run in it, and in this simple way the shaft may be cooled while running. 

Another method consists in the use of black antimony and best castor oil ; you may, if 
you like, add a little black lead. Work it up nicely together and lay it on the shaft, first 
thick, and then taper down to nothing but the oil. 

Cooling Compound for Hot Bearings.— Mercurial Ointment mixed with black cylinder 
oil and applied every quarter of an hour, or as often as expedient. The following is also 
recommended as a good cooling compound for heavy bearings : — Tallow, 3 pounds, plumbago, 
6 ounces, sugar of lead, 4 ounces. Melt the tallow with a gentle heat, and add the other 
ingredients, stirring until cold. For lubricating gearing, wooden cogs, etc., nothing better 
need be used than a thin mixture of soft soap and black-lead. 

Steel and Iron. — To distinguish steel from iron pour on the object to be tested a drop of 
nitric acid ; let it act for one minute, then rinse with water. On iron the acid will cause a 
greyish- white, on steel a black stain. 

In case of wire, heat in the gas and dip in water ; if hard and brittle it is steel. 

How to Harden Cast Iron. — Heat the iron into cherry red, then sprinkle on it cyanide of 
potassium and heat it to a little above red ; then dip. The cyanide may also be used to case- 
harden wrought iron. 



BELTING. 

Rules for Calculating the Width for Leather Belting (single) required for given power. 
Multiply horse power with 33,000 and diyide by velocity (in feet) of belt per minute and result 
is the tensional stress on belt ; allow for each inch in width a stress of 55 pounds and divide 
into the stress due to the horse power and given velocity, and the result is width of belt 
.required. 

Example. — Horse power 75 X 33,000 = 2,475,000 pounds -^ 2500 feet = 990 pounds 
(mean stress, both pulleys being same diameter) -h 55 := 19 inch, single belt required to 
transmit 75-horse power at 2500' per minute. The actual stress depends, however, entirely 
on the relative diameters of the driving and of the driven pulley embraced by the belt ; the 
stress becomes less, the more the driven one is embraced (as the leverage of the driver in- 
creases) and vice-versa. 

Another Rule, but which only applies to the best quality of belting is thus : 

Multiply horse power by 7,000 -^ length in feet of that portion of the belt which clips 
smallest pulley and divide again by velocity in feet per minute. 

Example. — Wanted width of single belt to transmit 75-horse power indicated (smallest 
drum 8" diameter, belt clipping 11' of the periphery). 

75-horse power X 7,000 = 525,000 -f- 11' ='47,727 -^ 3,000' V. = 15.9 or 16 inches. 
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Table of Safe Actual Width of Single Belts to Transmit Given Power at Given 
Speeds, allovi^ing for Leather of Very Indifferent Quality. 

N. B. — The body of the table gives the width of the belts in inches. 
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18 


20 


24 


28 


32 
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To Find the Length of a Driving Belt Before the Pulleys are in Position. — Add the 

circumference of the two pulleys, divide the product by 2, and add the quotient thus obtained 
to double the distance between the centres of the two shafts, which will give the length of belt 
required. For a cross belt, add the circumference of the two pulleys, multiply the product by 
3, and divide by 2 ; the quotient added to double the distance between the centres of both 
shafts will give the length required. 

How to Find where to cut Belt-holes in Floors. — Measure the distance in inches from 
centre of driving shaft to underside of floor ; on the upper side niake a mark over the centre 
of shaft. Now measure the distance from centre of shaft on machine to be driven to floor, 
making a mark on the floor immediately beneath the centre, then measure the distance 
between the two marks. Transfer these figures to a board or paper, draw off the driving and 
driven pulleys after finding their diameters, at the distance from each other and the floor line 
previously obtained, and draw the lines representing the bdt cutting the floor line, which will 
show where the belt passes through the floor. The drawing can be made to a scale to reduce 
it to convenient dimensions, maintaining the proportions. The holes may now be marked 
off on the floor and cut with a certainty of being correct. In making the drawing it is best 
to make it full size on the floor, if room can be had ; and allowance must be made for the 
thickness of the flooring. 

HOW TO MANAGE BELTS. 

It is better for belts to relieve the strain upon them whenever they are out of tise, as they 
last longer and pull better than if kept continually strained up. 

Machines requiring 3-h. p. and upwards to drive them should be from 16 feet to 25 feet 
between centre of driving and driven pulleys ; the length and width of belt, and diameter and 
width of pulleys to increase as the power required is greater. 

Avoid Belts made up of short lengths, varying in quality of leather, as they become 
crooked, causing trouble and expense. 

A Good Dressing for lycather Belts is to sponge them on the outside with warm water, 
then rub in some dubbin. This done once every four or six weeks keeps the belts supple, 
and prevents them from cracking. 



Another good dressing may be made by the use of castor oil mixed about half and half 
with tallow or other good oil. Castor oil makes not only an excellent dressing, but renders 
the belts vermin proof. 

For Slipping Belts. — First cleanse the inside by brushing, and drop a few drops of castor 
oil on the inside of the belt, or the side next to the pulleys. 

By no means use resin for belts when slipping, as it hardens the belt, and causes it to 
crack. 

Belts made of India-rubber, with plies of strong canvas interposed between their lengths 
are best in cases were they become constantly wetted. 

A Good Diameter for Drums or pulleys is 5 to 6 times the width of belt. 

A Good Distance from centre to centre of drums is from 2 to 2 >^ times the sum of their 
two diameters. 

A Pulley Covered with Leather^ with the Hair Side of the Belt Turned to it, offers 50 per 
cent, more resistance to slipping than a pulley merely polished. When a belt is turned with 
the hair side to pulley, the contact is greater, from the fact of a more even surface being pre- 
sented, than when the flesh side is to the pulley ; and, again, as the outside of a belt must 
necessarily stretch more in bending over a pulley, it follows that if the hair side is the outer 
one it will finally crack ; but by reversing it, so that it must contract in wrapping around the 
pulley, it lays on with great smoothness, and the flesh side, being more open and irregular, 
experiences no difficulty or injury by the stretch from being outside. 

It is claimed, however, that, if belts are run with the flesh side to pulley, and tanner's 
dubbin applied thereto, they will become as smooth as the hair side, and will become more dur- 
able. It is also well to remember that the pliableness of a belt has often more to do with its 
adhesiveness to the pulley, than the question of which side shall be presented to it, and for 
that reason they should always be maintained as pliable as possible. 

It is reckoned that leather belts, grain or hair side to the pulley, will drive 34 per cent, 
more than with flesh side to the pulley ; 48 per cent more than rubber ; 121 per cent, more 
than gutta-percha ; and 180 per cent, more than canvas. 

Direction of Running. — Belts where it is possible should always run from the top of the 
driving to the top of the driven pulley. 

Belts always run to the high part of a pulley when the shafts are parallel ; but when they 
are not, the belt will always run toward the ends of the shafts which are nearest together, and 
this tendency is much stronger than to run to the highest part of the pulley. 

To Ascertain Length of a Roll of Strapping add inside and outside diameters in inches X 
number of coils X 0.1309 -f- 12" = length in feet. 

To Keep Ropes from Fraying. — Apply a cake of paraflSn wax once a month for a few 
minutes while the ropes are running. 

The adoption of belt and rope driving has been greatly influenced by the number of 
breakdowns where gearing was used. 

Where rope or strap driving has not been introduced — these instances, however, are very 
few — cast-steel wheels have been generally substituted for the broken cast-iron ones. 
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WATER POWER. 

Velocity of Water: — To ascertain mean velocity of stream, find surface velocity by observ- 
ing rate of feet per minute with cork floats ; deduct 25 per cent, for friction and multiply by 
area in feet of cross section of river and product is discharge in cubic feet per minute = 
number of gallons. 

^Vater PoAwer. 

English Rule : — (33,000 pounds raised i foot in i minute = i H. P. 

200 pounds of water (20 gallons) 3 feet fall per second =1 H. P. or 
60 gallons I foot fall per second = i H. P. Therefore : — 
I ton 

224 gallons = 2240 lbs. X 3 feet X 60 seconds ^ ^.^ ^ H. P. calculated. 

33,000 
minus 25 per cent, on account of turbine loss = 9.8 actual or effective H. P. 

French Rule : — (75 kilos raised i metre high in i second = i H. P.) Therefore, 

I ton approx. 



I cubic metre (1000 kilos or 1000 litres), i metre fall 1000 
litres X i metre fall X 60 seconds 

per second = = 13- 33 H. P. calculated. 

75 X 60 seconds, 
minus 20 per cent, on account of turbine loss ^10.67 effective H. P. 

6 metres fall of i cubic metre or 1 sn w P 1 

T " "6 " j- — 00 n. r. I minus 20 per cent. 

6 " 1; 4 ;; }=.32oH. P. ' turbine loss. 
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STEAM POWER. 

For each nominal horse power a boiler should have :— 

I cubic foot of water per hour (at least). 

I square yard of heating surface. 

I square foot of fire-grate area. 

I cubic yard capacity. 

28 square inches flue area. 

I pint water evaporates into 206 gallons of steam. 

I gallon of water is-converted into 1648 gallons of steam at the mean atmospheric pres- 
sure of 14.7 pounds per square inch. 

Nominal horse power of boiler = length in feet X diameter in feet. 

5 

To Ascertain the Chimney Area 

lb. of coal per hour X 12 . • , 

, .. — . — . = area in square inches. 

l/. height m feet 

To Prevent Incrustation to Boilers use nothing but common soda. Put a bucket full into 
the feed water supply tank once daily, or more, according to quantity and quality of the 
water used. 
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To Ascertain the best Size of Injector for any given boiler, multiply the nominal horse 
power by lo, which gives the number of gallons of water required per hour. 

To Find the Number of Cubic Feet of Exhaust Steam emitted from cylinder per minute- 
multiply area of piston (in square feet) by speed of piston in feet per minute. 

A Horse Power (H. P.) is equal to 33,000 pounds lifted one foot high in one minute or 
equivalent motion against resistance. 

To Find the Indicated Horse Power of an Engine : Multiply mean pressure in pounds per 
square inch on piston X the area of the piston in square inches X piston speed in feet per 
minute and the result is number of pounds engine will raise one foot high per minute. 
Divide by 33,000 for the indicated horse power, and deduct one-sixth for friction, which will 
then be the eflFective horse power of the engine. 

To find the maximum efficiency of a theoretically perfect steam engine use the following 
T-T' 



Rule : — E 



-of which 



T = absolute temperature of steam on admission — i. e. , temperature Fahrenheit + 45°°. 
T' =absolute temperature of exhaust steam — i. e.^ temperature Fahrenheit + 459°. 
E .= Maximum efficiency of theoretically perfect steam engine. 



HEAT. 

A Unit of Heat is the quantity of heat required to raise the temperature of i pound of 
water at or near its temperature of greatest density (31.9° F.) through 1° F. 

How to change degrees of Centigrade or Reaumur into degrees Fahrenheit and vice versa. 



F =: Degrees Fahrenheit. C = Degrees 
Centigrade or Celsius. R = Degrees Reau- 
mur. 

Centigrade into Fahrenheit. 
F ^ 9 X °C given , 

5 ^ 

Example. — Find degrees F. for 40° C. 

40 X 9 = 360 -^ 5 = 73 + 32 = 104. 
Answer. — 40° C = 104° F. 

Reaumur into Fahrenheit. 
F = 9 X °R given 
4 
Example. — Find degrees F. for 33° R. 

33 X 9 = 388 -^ 4 = 73 + 33 = 104. 
Answer.— 2,2° R = 104° F. 

Fahrenheit into Celsius. 

Q ^ 5 X (degrees F. given — 33) 

9 
Example. — Find degrees C. for 104 F. 
5 X (104 — 33) 73 = 360 -f- 9 = 40. 
Answer. — 104° F = 40° C. 
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Fahrenheit into Reaumur. 

■^ ^ 4 X (degrees F given — 33) 
9 
Example. — Find degrees R. for 104° C. 
4 X (degrees F given ^32) 

9 
104 — 32 = 72 X 4 = 288 -^ 9 = 32. 
Answer. — 104° C = 33" F. 

Reaumur into Celsius. 

Q ^ 5 X degrees R given 
4 
Example. — Find degrees C.for 32*^ R. 

5 X 32 = 160 H- 4 = 40. 
Answer. — 32° R = 40° C. 

Celsius into Reaumur. 

•a 4 X degrees C given 

~ 5 

Example. — Find degrees R. for 40° C. 

4 X 40 = 160 -=- 5 = 33. 
Answer. — 40° C = 33° R. 



ARITHMETIC. 



s^^pecially Adapted for Textile Purposes). 



ADDITION. 

Addition has for its object the finding of a number (called sum) equal to two, three, or more 
numbers. 

The symbol + (read plus) is used to indicate the operation of addition. The symbol = (read is 
equal to, or are) is the sign of equality. 

Example. — 3 + 4 + 7 yards=14 yards. 

If adding higher numbers than units place figures that represent units in each number in the same 
vertical line, those representing tens in the same vertical line and continue in this manner with the 
numbers representing hundreds, thousands, ten-thousands, hundred-thousands and millions. Next 
draw a horizontal line under the last number, and under this line place (in the same arrangement 
as to value of positions) the sum of the given numbers ; i. e., commencing to add the right-hand column, 
writing the units of the sum beneath, and adding the tens, if any, to the next column, and continue 
in this manner with all the columns until writing the entire sum of the last column. 



Examples.— 206 lbs. 




46 yards. 


320 " 




230 " 


+54760 " 




4377 " 
+57698 " 






55286 lbs. 








62351 yards. 


Question. — Find number of threads in pattern dressed : 




10 threads black. 




2 " blue. 




4 " brown. 




24 " black. 




+ 2 " 


blue. 





Answer. — 42 threads in pattern. 

Question. — Find total weight for the following lot of wool : 

960 lbs. Domestic. 
40 " Australian. 



Answer. 



1000 lbs., total weight. 



SUBTRACTION. 

Subtraction is the process of taking away a number (called subtrahend) from a larger number 
(called minuend). The result of a subtraction is termed difference. 

The symbol — (read minus, or less) denotes the operation of subtracting. To prove a subtrac- 
tion, remember that the difference and subtrahend, added, must equal the minuend. 

Example.— 8 — 3 lbs. = 5 lbs. Proof.— 5 + 3 = 8. 

If subtracting higher numbers than units, write the subtrahend under minuend, placing units of 
the same order in the same column. Next draw a horizontal line under the subtrahend and begin 
to subtract with the units of the lowest order, and proceed to the highest, writing the result beneath. 

no 
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If any order of the minuend has less units than the same order of the subtrahend, increase its 
units by ten and subtract ; consider the units of the next minuend order one less, and proceed as 
before. 



Emmples. — 4322 lbs. (minuend) 

—2111 « (subtrahend) 



4284 yards 
-3395 " 



889 yards. 



2211 lbs. (difference). 

Question. — Weight of cloth required, 21 oz. ; weight from loom, 19 oz. Find difference. 

21 oz. 
> —19 " 

2 oz. 
Answer. — The cloth in question is 2 oz. too light. 

Question. — The weight of a lot of wool in grease is 100 lbs. ; its weight after being scoured and 
dried is 67 lbs. Find loss during scouring process. 

100 lbs. 
— 67 " 



33 lbs. 
Answer. — The lot of wool in question lost during scouring 33 lbs. 

Question. — Basis of cotton yarn, 840 yards per lb. ; basis of worsted yarn, 560 yards per lb. 
Find difference. 

840 yards. 
—660 " 



280 yards. 
Answer. — The worsted yarn basis is 280 yards less than the one for cotton yarns. 

MULTIPLICATION. 

Multiplication is the process of taking one number (called multiplicand) as often as another number 
(called multiplier) contains ones. The sum thus derived, or the result of a multiplication, is called the 
product or result. 

The symbol X (read multiplied, or times) denotes the operation for multiplying. 

Example: — Multiplicand. Multiplier. Product. 

4 X 3 = 12 

Proof. — 4 

4 
+ 4 

12 

If multiplying higher numbers than units, begin the process with the ones, and write the ones of 
the product reserving the tens if any. Next multiply the tens of the multiplicand, adding number of 
tens reserved from the previous process, write tens in place for tens in product and reserve (if any) the 
hundreds ; continue in this manner, always multiplying the next highest number of the multiplicand, 
adding number of same value (if any) from the previous part of the operation, until all the numbers of- 
the multiplicand are taken up, writing in full the last operation. 

Example. — If weaving 212 yards of cloth in one day, how many yards will be woven, under the 
same circumstances, in 3 days ? 212X3=636. 

Answer. — 636 yards. 
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The product for multiplying a number by 10, is obtained by simply annexing to the multiplicand. 

Example.— 336 yards X 10=3,360 yards. 

By annexing 00 to the multiplicand, we multiply the latter by 100; by annexing 000, with 
1000, etc. 

If required to multiply with a number having tens and zeros (0) for ones, we first multiply with 
the tens and annex to the result. 

Examples.— 36X30=1,080; 36X300=10,800; 36X3,000=108,000, etc. 

Remember that the multipler and multiplicand can change places, jwithout altering the product ; 
thus, if zeroes are found in the multiplicand reverse factors so as to apply previously given rules. 

Example. — How many picks per hour does a loom make if running 85 picks per minute? 
1 hour=60 minutes; thus, 60X85=5,100. 

Answer. — The speed per hour is 5,100 picks. 

If the multiplier contains two parts, for example 5 and 60 (or 65), multiply the multiplicand first 
with the units (5 in example) and afterwards with the tens, using zero for ones (60 in example). In 
setting down this second result omit the zero, as it has no effect on the addition to be performed. 

Example. — If one loom produces 235 yards of cloth in one week, how many yards will 23 looms 
produce in the same time and on the same work ? 

oQ(.x/OQ Tu 235 X 3= 705 235X23 

235X26 ^hus: 235^20=4700 "''' 705"^"(235 X 3) 

470 = (235X20) 

5405 

5405 
Answer. — 23 looms will produce 5,405 yards per week. 

If the multiplier is made up of three parts, multiply with the units and tens as before, next the 
hundreds, using zeros for tens and units, but omitting both zeros in setting down the third result. For 
similar reasons any future value of figures in the multipler requires corresponding increase of zeros not 
set down in the respective result. 

Example. — 783X233 



2349 =(783 X 3= 2349), 

2349 =(783 X 30= 23490). 

1666 =(783X200=156600). 



Answer.- 182439 

In some instances we are requestfed to find the continued product of three, four, or more numbers. 
In such instances multiply the first two numbers, and multiply product derived with the third, etc. 

Example. — Find number of yards of filling wanted to weave 32 yards cloth, 72 inches wide in 
loom, 45 picks per inch. Thus: 32x72x45. 

32 X 72=2,304 X 45=103,680 
Answer. — 103,680 yards of filling are wanted. 

Some examples call for a number to be multiplied by itself once, twice, three times, or oftener. If 
so, the resulting products are called the second, third, fourth, etc., powers of the number. The pro- 
cess is termed involution, and the power to which the number is raised is expressed by the number of 
times the number has been employed as a factor in the operation. The raising of a number to the 
second power is called square ; the raising to the third power being termed cube. Thus : 

16 is the square of 4, because 4X4=16 
64 " " cube " 4, " 4X4x4=64 
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DIVISION. 

Division is the process by which we find how many times one number (called divisor) is contained 
into another (called dividend) The quotient is the result of a division, and the part of the dividend not 
containing the divisor an exact number of times, is called the remainder. 

The symbol of division is -f- (read divided by), and is written between the dividend and divisor; 
for example, 8^-4; but is also frequently substituted, either by writing the divisor at the left of the 
dividend with a curve, for example, 4)8, or by writing the divisor under the dividend, both num- 
bers to be separated by a horizontal line. 

8 
For example, — - Dividend. Divisor. Quotient. 

8 -- 4 = 2 

Example. — If dividing higher numbers than units, find how many times the divisor is con- 
tained in the fewest left-hand figures of the dividend that will contain it ; write answer as the first 
number of the quotient. Next multiply this number by the divisor ; subtract the product from the 
partial dividend used, and to the remainder annex the next dividend figure for a second partial divi- 
dend. Divide and proceed as before, until all the numbers of the dividend are called for, writing the last 
remainder (if there is one left), with the divisor under it (as common fraction), as a part of the quotient. 

Example. — Find number of repeats of pattern in the following warp : 
3,904 threads in warp. 32 threads in pattern. 
3904-f-32=122 
32 

70 
64 



64 

64 
Answer. — In the warp given in the example there are 122 repeats of pattern. 
Remember that the dividend is the product of the divisor and the quotient ; hence, use this as proof 

for the division in question. 

Divisor. Quotient. 

32 X 122 = 3,904 (Dividend.) 



64 
64 
32 

3904 
If we have to divide a number by ten, simply insert a decimal point between the last two figures 
(toward the right) in the dividend, thus expressing at once the quotient. 

Example. — 4,220 end in warp, dressed with 10 sections. Find number of ends used in each section, 

4,220^10=422.0, or 
Answer. — 422 ends are used in each section. 

If the divisor is hundred, thousand, or more, always move the decimal point correspondingly one 
more point toward the left in the dividend, so as to get the quotient. 

Example. — 125 lbs. of filling must weave 100 yards of cloth, how many pounds must be used 

per yard, to weave up all this filling? 

^ 125-1-100=1.25 

Anmer. — 1^ lbs. yarn must be used per yard. 
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Dividing or multiplying the dividend and the divisor by one number does not alter the quotient; 
thus, if the divisor contains zeros for either units, units and tens, units, tens and hundreds, etc., we can 
shorten the process by throwing out such zeros and reducing the dividend correspondingly, by simply 
placing a decimal point in its proper place. 

Example. — 4,905 threads in warp, 30 threads in pattern. Find number of repeats of pattern in warp. 

4905-=-30=490.5^3p=163.5 
3 



19 
18 



10 

9 

16 

15 

Answer. — There are 163 J repeats of patterns in warp. 

Previous example also explains the multiplying of both the dividend and the divisor (without 
altering the proper quotient) towards the close of the division, when 1.6 is to be divided by 3. 

1.5 X 10 = 15 1 

^T" X 10 = 30 "'^ T ^'^ 0-5- 

PARENTHESIS OR BRACKETS. 

A parenthesis (expressed by symbol ( ) ), is used in calculations for enclosing such numbers as 

must be considered together. Hence, the whole expression which is enclosed is affected by the symbol 

preceding or following the parenthesis. 

■ Hence, (18X4)-^(4x2)=72-=-8=9 ; whereas without parenthesis example would read as follows: 

18X4^4X2=(18X4=72^4=18X2=) 36 

If the main operation, as in the present example, is a division, we may use in the place of the 

parenthesis, the vinculum (expressed by symbol ), writing the dividend above the line, and the 

18 X4 
divisor below ; thus, previously given example would read ■ . „ = 9 

240-^(7+4X2) means that twice the sum of 7-)-4 equal 22 is to be divided into 240. It might 

, , , . 240 

also have been written tXTnTp 

(3 X 4 — 2) X (6 X 9 +4) +43 means : Subtract 2 from the product of 3 multiplied by 4, and multiply 
the remainder (10) by the sum of 6 multiplied by 9, plus 4 (58), and add to the product (10X58=::580) 
thus obtained 43, which gives 623 as the result or answer. 

Frequently brackets are made to inclose one another, if so, remove the brackets one by one, com- 
mencing by the innermost. 

Example.— (2-|-5x(4+82) + 8)X(3 + 10). • 

(2 + 5X 86 +8)X{3 + 10). 
( 7 X 86 +8) X (3 + 10). 
( 602 +8) X (3 + 10). 

610 X 13 

^mswen— (2 + 5 X (4 + 82) + 8)X (3 + 10)=7,930. 
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Example.— (3X(6 + 9-^2x(4x8)+8) )X2. 

(3X(6+9-;-2x 32 H-8))X2. 
(3X( .248 ))X2. 

744 X2. 

Answer.— (3 X (6 + 9-5-2 X (4X8)+ 8)) X 2=1,488. 

PRINCIPLE OF CANCELLATION. 

Example given in previous chapter on brackets we will also use to explain the subject of 

4X-^ 

cancelling or shortening calculations. The rule for this process is : Strike out all the numbers common 

to both dividend and divisor, and afterward proceed as required by example. 

18X4 _ 18X^ _ 18 _ .„ . o_q 
4X2 - J^ _ — _ 18 -^ ^ —9. 

Another point for cancellation is to ascertain if a number in the dividend and in the divisor have 
the same common factor. 

2 
Example.— 36X9 _ ^^X9 _ 2x9 _ 

18X6 ~ ^^5" ~ 1x5 = 18 -^ 5 = 3i. 

1 
Proof.— 



18X6 ;^X5 
1 


" 1X5 


- xo - 


— i> ■ 


36X9 324 
18X5 '— 90 


= 324 - 
270 


i- 90 


= 31 




54 
90 


6 
10 


3 
5 



For reducing fractions to their lowest denomination as in previous example qtt . g ytt . o—JS" 

as well as for assisting the student quickly to find the same common factor for two numbers, we give 
herewith rules by which he can quickly ascertain if a number is exactly divisible by 2, 3, 4, 5, 6, 7, 8, 
9, 10 or 11. 

If the last figure of the number is either zero or an even digit, such a number is exactly divisible by 2. 

Examples.— 420-r-2=210, 336-=-2==168. 

If the sum of the figures is divisible by 3, such a number is exactly divisible by 3. 
Example.— 38,751 -=-3=1 2,917. 

If the last two figures of a given number are divisible by 4, such a number is exactly divisible by 4. 
Example.— 396,564h-4=99,141. 

If the last digit in a number is either or 5, such a number can be exactly divided by 5. 
Examples.— 320-=-5=64, 38,745-^5=7,540. 

When the last three figures of a number are divisible by 8, such number can be divided by 8 
Example.— 376,256 -=-8=47,032. 

A number is exactly divisible by 9, when the sum of its digits is divisible by 9. 
Example.— 887,670-^-9=98,630. 

A number is exactly divisible by 11, when the difference between the sum of the digits in the 
uneven places (commencing with the units) and the sum of the digits in the even places, is either zero 
or divisible by 11. 

Example.— 514,182,746-5-11=46,743,886. 
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COMMON FRACTIONS. 

A common fraction is a fraction in which we write the numerator above, and the denominator 
below, the dividing ( — or / ) line. 

Example.— i = Zomta"/ o*thfScL } Both being the terms of the fraction. 

The horizontal dividing line is the one most frequently used, but the oblique {yi) answers the 
same purpose. 

The denominciior of a fraction indicates in how many equal parts the unit is divided ; and the 
numerator shows how many of those parts are taken. 

There are two kinds of fractions : 

(a) Proper Fractions, which have for their terms a numerator which is less than the denominator. 
For example, I, I, j, etc. 

(6) Improper Fractions, which have for theii* terms a numerator, which is greater than the 
denominator. For example, f, I, i, etc. 

An improper fraction can be changed to a mixed numher by dividing the numerator by the 
denominator, setting down the quotient as the integral part, and making the remainder the numerator 
of the fractional part of the mixed number, whose denominator is the denominator of the original 
fraction. 

An integer (= whole number) can be expressed as an improper fraction, without reducing its 
value, for example, 6=f, 8^f, etc. The combination of an integer and a fraction is termed a mixed 

number. For example, 7f ( 7 1 ^ — Numerator. \ 

^ c 4 Denominator. y 

A mixed number can be changed to an improper fraction by multiplying the integer by the de- 
nominator of the fraction, adding to the product the numerator of the fraction. This sum is the nu- 
merator of the improper fraction of which the denominator is the denominator of the given fraction. 

2 V 7-1-4 
Eeample. — 2* = ' = -V improper fraction. 

A fraction is expressed in its lowest terms {i. e., cannot be reduced) when the numerator and de- 
nominator have no common factor except unity, or in other words, when both terms are not dividable 
by any number except one. For example. t\ , f, etc. 

Thus, to reduce a fraction to its lowest terms, use 

Rule. — Divide the numerator and the denominator by their highest common factor. 

Tke highest common factor of a fraction is the highest number which will exactly divide each of 
the terms of a fraction; for such small numbers, as are generally used for fractions, the highest com- 
mon factor is found at a glance. For example : f . Readily the student will see that both the 6 and the 
8 can be divided by 2. Thus : f -^- 2 = f , or f = f . 

If dealing with large numbers, the highest common factor cannot always be determined by inspec. 
tion, but is found by 

Rule. — Divide the higher number of the fraction by the lower, and the latter (the divisor of the 
first operation) by the remainder ; continue the process until no remainder is left, the divisor used last 
being the highest common factor for the fraction. 

Example. — Reduce to its lowest terms tiff; i. e., find the highest common factor for 2166 and 
and 2888, by previously given rule. 
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2166)2888=1 
2166 



722)2166=3 
2166 



-700 • ^u t.- u t. e 4. 2,166h-722=3 

> or, 722 IS the highest common lactor. -? — - _„„ — 

' ' ^ 2,888-T-722=4 



Answer. — Mfl expressed in its lowest terms equals i 

Frequently we must change a given fraction to terms of a known denominator ; if so, proceed as 
follows : Divide the required denominator by the denominator of the given fraction and multiply by 
the quotient thus obtained with both terms of the given fraction. » 

Example. — Change A to equivalent fraction expresseed in 60's. 

5 X 5 = 25 
60h-12=35 and ^ ^ 5 _ -g^ 

Ansioer. — A equals M in value. 

If two fractions are to be changed to equivalent fractions (fractions having the same denominator) 
find the lowest common multiple (see * below for explanation for lowest common multiple) for the two 
given denominators, which- is the new denominator for each fraction. Next find the new numerators 
for both fractions, by means of previously given method for changing a given fraction to terms of a 
known denominator. This rule also applies for three or more fractions. 

Example. — Change f and f to equivalent fractions, having the same denominator. 

4x7 (prime numbers) = 28, new denominator. 

28-H-4=7 28 -+-7= 4 

_3 X 7 =21 ^X4 = 20 
4X7= 28 7X4 = 28 

Answer. — J = fl and 7 = If. 

Example. — Change f, f and f to equivalent fractions, having the same denominator. 

3X4X7 (prime numbers) = 84, new denominator. 

84 H- 3 = 28 84 H- 4 = 21 84 -f- 7 = 12 



2 X 28 = 56 


3 X 21 = 63 


5 X 12 = 60 


3 X 28 = 84 


4 X 21 = 84 


7 X 12 = 84 


2 56 


l = « 


f = ff 



Answer. — 

* The lowest common mvMple of two or more numbers is the lowest number which is exactly 
dividable by each of them, and is obtained for two numbers by dividing one of the numbers by the 
highest common factor, and multiplying the quotient by the other number. If numbers are prime, their 
product is the lowest common multiple. 

If we have to find the lowest common multiple of three or more numbers, find the lowest common 
multiple of any two, next find the lowest common multiple of the resulting number, and of a third 
of the original numbers, and so on, the final result being the lowest common multiple wanted. 

ADDITION OF COMMON FRACTIONS. 

Only fractions having the same denominators can be added; thus, change fractions given to 
equivalent fractions having the lowest common denominator. Next add the numerators of the equiva- 
lent fractions and place the result as the numerator of a fraction whose denominator is the common 
denominator of the equivalent fractions. 
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Example. — Find sum of \ and i oz. 

24^8= 3 24-r-3= 8 

J v3^3 1x8=8 

8 X 3=24, lowest common denominator. — — — . — 

8 X3=24 3X8=24 

Answer. — i oz. + i^ oz. = tt oz. 



3 f 8 11 

IT + ^fT = "IT 



+ M + ^ = n 



Example: — Find sum of tSt, ts and tV inches. 

The lowest common denominator of 20, 15 and 10 is 60, since 

60 --20 =3 60 H-15 = 4 60 h-10 = 6 

J,x3=_9 ^X4=J^ J_X6=^ 

20 X 3 = 60 15 X 4 = 60 10 X. 6 = 60 
Answer. — ^V + A + tV = li inches. 

Example. — Find the total yards for the following three pieces of cloth containing respectively 3 Ai 
8tV, and 108iV yards. 

The lowest common denominator of 16 and 20 is 80, since 80-^16=:5 and 80-^20^4. 



^X 5 ^35 hug. 3t?, = 3H ax ^ = li,thus: 8A 
16X5 80' 16X5 80' 



4X4 16 ,, 
— ;^ — , thus : 

20X4- 80' 



108^ = 108M 



If + If =-V0^(,„1^.3) 



3fl +-8U + 108i§ = 1191* 
Answer. — The total yards for the three pieces cloth given in question are 1191^ yards. 
If the sum derived is an improper fraction, the same can be changed (if required) to a mixed 

number, by dividing the numerator by the denominator, the quotient obtained being the integer. 

The remainder is the numerator of the fraction which has the given denominator of the improper 

fraction for their denominator. 

V Example. — Find sum of 7 and I lb. 

The lowest common denominator of 7 and 9 is 63, since 63-^7=9, and 63-t-9=7. 
1 X9 = 45 ^^^ ^X 7 = 56 
7 X 9 = 63 9 X 7 = 63 

Answer.— fib. + f lb.' = W, or Hi lbs. 

Previously given rule also applies if adding improper fractions. 
Example. — Find sum of I and I yards. 

The lowest common denominator of 5 and 3 is 15, since 15-5-3^5, and 15-;-5=3. 
8X3 = 24 ^X5 = 35 

'5"X3=T5 "3"X5=T5 

Answer. — f yard + | yard = 31^ yards. 

If adding mixed numbers, first add the fractions ; if their product is a proper fraction, reduce the 
same to their lowest equal terms ; but if an improper fraction, change the same to a mixed number 
and put the fraction part down for the fraction of the sum. Next add the integral parts of the given 
mixed numbers plus the integral part from the addition of the fractions. 

Example. — Find the sum of 3f, 41 and 2\ inches. 

Thelowestcommondenominator of 3, 8 and 7 is 168, since 168^-3=56 ; 168-^8=21 j 168-f-7=24. 

3f(fxii)=3ttf 

4f(fXi})=4ilf r 262->168=lM 

2K^Xit)=2TV« 9^.^ ] +9 

I lOH 



f^4-f| = 4l(=»^iO= 3il 



+ 



lOH 



Answer.- 



31 + 41 + 2f inches = lOll inches. 
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SUBTRACTION OF COMMON FRACTIONS. 

Only fractions having the same denominator can be siibtracteii ; thus, change fractious given to 
equivalent fractions having the lowest common denominator. Next deduct the numerator of the 
smaller of the equivalent fractions from the numerator of the greater fraction. The difference place 
as the numerator of' a fraction whose denominator is the common denominator of the equivalent 
fraction. This fraction is the difference of the given two fractious (can be reduced to its lowest 
terms by previously given rule). 

Example. — Find the difference between I and f. 

The lowest common denominator of 8 and 7 is 8X7, or 56 ; and 56-^8^7 ; 56-5-7=8. 

6X7=42 ^X8=16^ 

8 X 7 = 56 7 X 8 -= 56" 

Answer. — | — ? ^ H. 

Example. — Find the difference between the weight of two pieces of cloth weighing respectively 
23y and 201 lbs. The lowest common denominator of 7 and 9 is 7 X 9 or 63. 

63 H- 7 = 9 63 H- 9 = 7. 

23f = 2311 
201 = 20;,1 



31^ lbs. 
Answer. — The difference between the two pieces of cloth given in example is Zlk lbs. 

Previously given rule also applies, if dealing with improper fractions. In some instances we may 
have to deduct a fraction or a mixed number in which the value of the fraction of the subtrahend is 
greater than the one of the minuend. If so, we must change the fraction by adding one unit of the 
integer (changed to a fraction of the same denominator) to the fraction of the minuend. 

Ej;ample. — Find the difference between the weight of two pieces of cloth weighing respectively 
281 and 28f ounces. The lowest common denominator of 7 and 8 is 8 X 7, or 56. 

28l=28*f=27ft 
221=2241=2211 



511, or 511 oz. 
Answer. — The difference in weight between the two pieces of cloth, given in example, is SH ozs. 

MULTIPLICATION OF COMMON FRACTIONS. 

A fraction is multiplied by an integer, by multiplying the numerator of the fraction by the integer 
and leaving the denominator of the fraction unchanged, or divide the denominator of the fraction by 
the integer and leave the numerator unchanged. 

Mcample. — Multiply I with 2. 

Example. — If 1 lb. filling weaves i yards cloth, how many yards will 26 lbs. weave ? 

^ i-X26 = ^4?«=M,orl30^8=16i 
Answer. — 26 lbs. filling will weave 16 J yards cloth. 
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A fraction is multiplied by a fraction by writing the product of the numerators over the product 
of the denominators. The product thus divided change either to a fraction of the lowest term, or, if 
an improper fraction to a mixed number. 

Example. — Multiply A by A inches. 

A X — -- ^X4 _ ^ X4 _ 4 _ ^ 
13 15 13X15 ~ 13x;^ 13X5 66 

5 
Answer. — A X A = A. 

^ampfe.— Multiply I by 2f. 

J X 2f = _L X II := 7X1_7 _ ^<17 _ n ^^ 17^8::=2i 
8X7 8X7 8X/ 8 ^ 

Answer.— | x 2f = 2i 

Example. — If one pound of filling weaves f yards of cloth, how many yards will 38f lbs. filling 
weave. 

f X 381= (I X '-^) = l^l^ = 775^32=24/^ 
^ 8X4 

Answer. — 38f lbs. of filling will weave 24A yards. 

Previously given rules also apply to improper fractions. In the application of the rules to mixed 
numbers, change the latter to their equivalent value in improper fractions and proceed as in the fore- 
going example. 

Example. — Find square inches for a sample cut to the rectangular shape of 3f X4i inches. 
(Mixed numbers.) (Improper fractions.) "j 



IX 



17 ^ 25 _ nxi^ _ ilXA^ 15 ^^ 85-.6=14i. 
5 6 ^ X 6 6 6 

it 

Answer. — The surface of the sample in question is (3IX4i) 14^ inches. 

DIVISION OF COMMON FRACTIONS. 

A fraction is divided by an integer by multiplying the denominator of the fraction by that num- 
ber, leaving the numerator unchanged; or by dividing the numerator of the fraction by the integer, and 
leaving the denominator unchanged. 

Example. — (Fraction h- Integer.) Divide i by 2, 

A — A orA-^2= 4-^-2 _ _2_ 
T8~9'*"^9' ~9 ~~T 





4 ^2- 4 
9 9X2 


Answer. — 


■^ ~ 2 = L 


Example.— r 


I lb. of filling 



I lb. of filling weave 3 yards cloth, ascertain amount used per yard 

L ^-^ = 7 _ T_ 
8 ■ " 8X3 "" 24 

Ans^joer. — The amount of filling used per yard, is ji lb. 

If we have to divide an integer by a fraction, we must change the integer to a fractioh, and use 
the same rule as given next for 
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Dividing Fractions by Fractions. 

Rvle. — Invert the divisor and proceed as in multiplication of fractions. 
Example. — (Fraction ~- Fraction). Divide H by A. 

5 

11 _ 3 _ 11 15 _ 11 1^ _ 11X5 _ 55 , 

12 • 15~12^"3""~T2^^ 12 12 ° ^"^ 
Answer. — xi -=- A = 4A. 

Proof. — The product of the quotieint and the divisor must equal the dividend, thus : 

11 1 

o s^ 3 _ 55 X 3 _JlX_^ _ 11X1 _ „ ^^ 
4x. X A - ^ X -^ -j^^^ - 4X3 - " ^""^ 

4 3 
4A X A ^ tJ> the same as ii -=- A = 4A 
Example (Intege^-^-F^action). Divide 8 by f. 

Answer. — 8 -r- f = 24. 

In the application of the rules for mixed numbers, change the latter to an improper fraction, and 
proceed as in the foregoing examples. 

Example. — (Mixed Number ~- Fraction. Divide 91 by i. 

8 • 9 ~ 8 ^ 7 8X7 56 ■ ^^ 

Answer. — 91 -r- i = 12 A. 

Example. — (Mixed Number -4- Mixed Number). Divide 4f by II. 

3 

41 _ II _ 39 . 13 _ 39 9 ^^X 9 27 

Answer. — 41 -f- II = 31. 

DECIMAL FRACTIONS. 

A decimal fraction is a fraction whose unit is divided into tenths, hundreths, thousandths, ten- 
thousandths, hundred thousandths, etc. and is expressed without a denominator by means of the decimal 
point. 

Value of decimal fractions commonly termed decimals. 



J 5 t S ^ -3 .2 

u d fi o a =5 S 

.123456 (.1234 5 6) and so on, each digit decreasing tenfold advancing to the right. 

Above number reads : One hundred twenty-three thousand four hundred fifty-six millionths. 

The denominator of a decimal fraction (which as already mentioned, is not put down, but 
indicated by the decimal point) is 1 plus as many zeros annexed as there are places in the fraction. 
Hence : .4 reads, 4 tenths, A. 

.73 seventy- three hundredths, AV. 
.821 eight hundred twenty-one thousandths. A^V, etc. 
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Some parties also use a zero one point to the left to indicate that the fraction contains no integer 
parts; thus, foregoing fractions may also be written 0.4, 0.73, 0.821, without changing their value 
or their reading. 

Zeros affixed to a decimal do not change its value. 

Hence, .38=.380=.3800, etc., 0.693=0.6930=0.69300 etc. 

Mixed numbers are made up of an integer and a decimal. For example : 3.25 read, three and 
twenty-five hundredths. 347.3 reads, three hundred forty-seven and three tenths. 1873.472 reads, 
one thousand eight hundred seventy-three and four hundred and seventy two thousandths. 

To change a decimal fraction to common fraction of equivalent value, omit the decimal point and 
write the proper denominator as explained previously, next change the fraction to its lower terms. 

Example. — Change .25 to a common fraction. 

25 ^ 25 _ 1 
100 -^- 25 ~ 4 



.25 = 



Answer.- 



.25 equals 



Example. — Change 43.625 to a mixed number having a common fractional part. 

43.625=43T%¥Tr=(TWT7-f-iil=|) 43f. 
Answer. — 43.625 equals 431. 

To change a common fraction to a decimal fraction, add decimal ciphers to the numerator, divide 
by the denominator, and point off as many decimal figures in the quotient as there are ciphers annexed. 



Example. — Change J to a decimal. 
1.00-^4=0.25 



10 

8 

20 
20 



Answer. — J equals .25 or 0.25. 



Example. — Change 43f to a decimal. 
|=5.000-=-8=0.625. 



50 




48 






43.000 


20 


-f 0.625 


16 




43.625 


40 




40 





Answer. — 



431 equals 43.625. 



If the division does not terminate, or has been carried as far as necessary, the remainder may be 
expressed in the result as a common fraction, or may be rejected if less than ^, or unimportant, and the 
incompleteness of the result marked at the right of the fraction by -|-. If ^, or more than |, the last 
digit of the decimal may be made to express one more. 

Example. — Change A to a decimal. 

7.000 -f-9=0.777-|- 

70 

63 



70 
63 



70 
63 



Answer. — 



^ = 0.777J, ori?^ =0.777 -H, or ^5 = 0.778. 
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ADDITION OF DECIMAL FRACTIONS. 

RuU. — ;Place the decimals to be added one under another, decimal point under decimal point. Next 
add the figures as if dealing with whole numbers, and place the decimal point for the sum under the 
others. 

Example.— Add 0.22, 0.384, and 0.054. 

0.220 

0.384 

+ 0.054 



0.658 
Answer.— 0.22 + 0.384 + 0.054 = 0.658. 

If the numbers to be added be mixed numbers, place integers in front of the decimals, in their 
proper position, and proceed as before. 

Example.— Add 3468.12; 483.39; 27.0003 and 3.18 

3468.1200 

483.3900 

27.0003 

+ 3.1800 



3981.6903 
Answer.— 3468.12 + 483.39 + 27.0003 + 3.18 = 3981.6903. 

Find total cost of a piece of cloth in which the value of the warp is $22.32 ; of the filling, $16.02 ; 
of the selvage, $0.64, and (general) manufacturing expenses are $5.00. 
$22.32 

^*„ . Answer. — The total cost of the piece of cloth in question is $43.98. 

+ 5.00 



$43.98 



SUBTRACTION OF DECIMAL FRACTIONS. 



Ruh. — Place the subtrahend below the minuend, keeping the different values of positions under 
each other, also point under point. Next subtract as if dealing with whole numbers, and place 
decimal point for the difference under point of the subtrahend. 

Example.— ^xxhtr&ct 0.27 from 0.473 
—0 270 ^'"■^er.— 0.473 — 0.270 = 0.203. 



0.203 

If dealing with mixed numbers, place integers iu front of the decimals, in their proper place, and 
proceed as before. 

Example. — Find cost of filling in a cut of cloth in which the value of warp and filling is $56.32, 
and the value of the warp is $32.19 

$56,32 
— 32.19 



$24.13 
Answer. — The value of the filling in example is $24.13 
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MULTIPLICATION OF DECIMAL FRACTIONS. 

Rule. — Multiply as if dealing with whole numbers, and point off in the product a number at 
decimal places equal to the sum of the number of decimal places in both factors. If there are not 
figures enough in the product, prefix the deficiency with zeros, and put the point on the left of these 
factors. Whole numbers and mixed numbers are dealt with alike. 

.Emwip?6.— Multiply 0.26 by 0.35. 
0.26 X 0.35 



130 

78 

910 



Four decimal places are in both factors ; hence 
Answer.— 0.26 X 0.35 = 0.0910, or 0.091. 



.Ecamp/e.— Multiply 4,32 by 2,81. 
4.32 X 2.81 



432 
3456 
864 

12.1392 



Four decimal places in factors ; hence 
Answei:— 4.32 X 2.81 = 12.1392, 



Example. — Ascertain value of 432 lbs. of wool, costing $1.31 per lb. 
432 X 1.31 



432 
1296 
432 



Answer. — The value of the lot of wool in question is $565,92. 



565.92 

DIVISION OF DECIMAL FRACTIONS, 

Jtiile. — If the dividend is a mixed number, or a fraction, and the divisor an integer, divide as if 
dealing with whole numbers, and mark off in the quotient as many decimal places as there are decimal 
places in the dividend. 



F?ra»npfe.— Divide 39.42 by 2. 


Example. — Divide 0.84 by 4 


39.42 H- 2 = 19.71 


0.84 ^ 4 = 0.21 


2 


8 






19 


04 


18 


4 






14 





14 


Answer.— 0.84 -5- 4 = 0.21 


002 




2 









Anmjaer.— 39.42 -h 2 =19.71. 





BuU.—U the divisor is a decimal, change to a whole number by moving the decimal point a suf- 
ficient number of places to the right, annexing zeros if required, and then divide as if dealing with 
btegers. If the dividend is an integer, the quotient will be an integer ; and if the dividend is a deci, 
mal, the quotient will be a decimal of the same order. 



I2S 



Example. — Divide 0.924 by 0.033. 
0.924 -^ 0.033 = 924 h- 33 = 28 

66 



264 
264 



Here the quotient is an integer, because the 
dividend is an integer ; hence 

Answer.— 0.924 h- 0.033 = 28. 



^a;a»ipfe.— Divide 38.76 by 10.2. 
38.76 H- 10.2 = 387.6 -^ 102 = 3.8 
306 



816 
816 



In this instance the dividend is a decimal of 
the first order ; hence, the quotient is a decimal of 
the first order, therefore 

Answer.— 38.76 -r- 10.2 = 3.8 



Example.— T)WiAe 3.876 by 10.2. 



.3.876 ^10.2 



38.76 -^ 102 = .38 
306 



816 
816 



Here the dividend is a decimal of the second 
order ; thus the quotient correspondingly also a 
decimal of the second order ; therefore 

Answer.— 3.876 -r- 10.2 = 0.38 



^ajampfe.— Divide 0.0924 by 3.3 



0.0924 



3.3 = 0.924 H- 33 = 0.028 
66 



264 
264 

Here the dividend is a decimal of the third 
order, thus the quotient also a decimal of the 
third order, hence : 

Answer.— 0.0924 -- 3.3 = 0.028 



If the divisor does not terminate, or has oeen carried as far as necessary, the remainder may be 
expressed as a common fraction being part of the quotient, or may be rejected if less than J or unim- 
portant, and the incompleteness of the result marked at the right of the fraction by +, or if the 
remainder is J or more, the last digit of the decimal may be made to express one more. 



Example.— li 437f lbs. wool cost $529.67| 
what will one pound cost ? 

529.67fH-437.75 or 52967.75^-43775=1.21 
43775 



Example 


—Divide 409.6 by 8.5 to three deci- | 


mals. 






409.6 -= 


-8.5 = 


=4096 ^ 86 = 48.188 
340 

696 






680 

160 

85 

750 
680 

700 
680 




* ' 


20 


Answer. — 


409.6- 


f-8.5=4g.l88e=48.188TVor 




409.6 


-=-8.5=48.1884- or 




409.6 


--8.5=48.188 ■ 



91927 

87550 

43775 

43775 



Answer. — The value of one pound of wool 
given in example is $1.21 
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SQUARE ROOT. 

The square root of a given number is sucii a number which, being multiplied by itself, will 
produce the given number. Hence, the square root of 36 is 6, because 6X6 (or the square of 6) is 36. 

The symbol i or f/ placed at the left of a number denotes that the square root of that 

number is to be taken ; hence, 1^49 reads : take the square root of 49, which is 7, since 7 X 7=49. 

The square root of a number contains either twice as many figures as the root, or twice as many 
less one. For example : 

V 



64 



= 8 (since 8X8 
= 10 (since 10X10 



/' ( \ 2 figures m square, 
'•"•^j I f 



[ figure ill root. 



- 1 (\i\\ 3 figures in square. 
'■^^^J 2 figures in root. 



r 100 

A small figure 2 placed to the right and above a number is the symbol that the square of thai 
number is to be taken, hence 4^ denotes the square of 4 or 4X4=16. 

A number which has a whole number for its square root is termed a perfect square, and such 
perfect squares, not greater than 100, must be committed to memory ; i. e., 2^=4, 3^=9, 4^=16, 
5^=25, 6'=36, 7^=49, 8^=64, 9^=81, 10^=100. An imperfect square is a number whose root 
cannot be exactly found. 

Rule. — For finding the square root for any number. 

Separate the given number into periods of two figures each, beginning at the unit places. 

Find the greater square in the left hand period, and place its root as the first figure of the root; deduct 
its square from the first period, and to the remainder (if any), bring down the nextperiod for a dividend. 

Divide this new dividend, omitting the right hand figure by double the first figure of the root, 
and place the quotient to the right of the first figure of the root, and also to the right of the partial 
divisor. Multiply the complete divisor by the last figure of the root, subtract the product from the 
dividend, and to the remainder bring down the next period for a new dividend. 

Divide this new dividend, omitting the right hand figure by double the whole root so far found, 
and place the quotient to the right of the root, and also to the right of the partial divisor. Multiply 
the complete divisor by the last figure of the root, subtract product from dividend, and to the 
I'emainder bring down next period for a new dividend. 

Continue the operation as before until all periods are brought down. 

If the last remainder is zero, the given number is a perfect square. 

Example. — Find square root of 729. 

|/7 I 29 = 27. 
4 



47)329 
329 



Answer. — ^ ^729 = 27. 
Proof.— 27 X 27 = 729. 



000 



Example. — Find square root of 148,225. 

|/14 I 82 I 25=385 
9 



68)582 °^* I" dividing 58 by 6 tlie quotient is 9, but if we add this to complete the divisor (6 and 9=69 x 9— B2 1 ; 
544 the latter would become 69, which if multiplied by 9 would give 631, a number larger than the 
dividend 583, thus 8 in place of 9 must be used. 



765)3825 
3825 
Answer. — 



1/14 I 82 I 25=385. 



Proof.— 385X385=148,226. 
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Example. — Find square root of 89,401. 

t/8 I 94 I 01 = 299 
4 

49)494 

441 "®tThe division of 49 by 4 illustrates the same remarks as made in previous example. 

589)5301 -^jThe second remainder (58) is in this example greater tlian the divisor (49), a result not uncommon, 
5301 



Answer.— i/89401 = 299 Proof.— 299 X 299 = 89401. 

If the dividend at any time does not contain the complete divisor, place a zero in the root, and add 
the next period for a new dividend. 

If an integral number is not a perfect square and its root is to be found, annex as many periods 
of ciphers as there are to be decimal places in the root. The more periods of ciphers we use, the nearer 
approximation of the root is obtained. 

Mcamplc^Find square root of 36469521. 
=6039 



V36 I 46 I 95 I 21= 
36 



1203) 4696 
3609 



"^gHere in the process as occurs in the root, we annex the to the divisor 13, and 
annex the next period to the corresponding dividend. 



12069)108621 
108621 



Answer. — 



1/36469521 = 6039. 



Square Root of Decimal Fractions. 

For finding the square root of a decimal fraction, make the decimal such that the index of its 
order is an even number ; also, since every period of two figures in the square equals one figure in the 
root, we must use as many periods in the decimal part of the square as there are to be decimals in the root. 

Example. — Find the square root of 0.139 to three places of decimals. 

1/0.13 I 90 I 00 = 0.372+ 



67)490 
469 



742)2100 
1484 



Answer, — 


t/0.139 = 0.372+ 


Proof.— 


0.372 X 0.372 = 0.138384 




+ Rera=>ind=r. 0.000616 



0.139000 



616 



The square root of a decimal of an odd order is always a non-terminating decimal. See symbol + 
for it at the right hand of the decimal fraction of the square root in previous example. 

Example.— Find square root of 0.8436 to two places of decimals. 

1/0.84 I 36 = 0.91 +, or 0.92 

• 81 

181)336 
181 



155 
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For this example the index is of an even order but not terminating; hence, symbol + at the right of 
the root. The last figure of the root is Ths, which we may change to ife, ks the remainder, 155, is 
more than J of the divisor, 181 ; thus: 

Answe)-.— l/0.8436 = 0.92. 



Square Root of Common Fractions. 

If we have to extract the square root of a common fraction, change the fraction to its .lowest 
terms ; if both terms are perfect squares, take the root of each ; if imperfect squares, change the fraction 
to a decimal, and find root as before. 

1/64" 8 



9 
64 



Example. — 

Example. — Find square root of If 



Answer.- 



i/X 

64 



t/] 



t/ 13 =3.60555 + 
9 

66)400 
396 



7205)40000 
36025 



72105)397500 
360525 



721105)3697500 
3605525 



91975 



v. 



1' JL_ l/iL 



_13_ 
27 



3.60555 



or 3.60555-^5.19615 



27 =5.19615-1- 
25 



101)200 
101 



1029)9900 
9261 



10386)63900 
62316 



103921)158400 
103921 



1039225)5447900 
5196125 



251775 



36055500000^-519615=0.69388- 
3117690 



4878600 
4676535 

2020650 
1558845 

4618050 
4156920 

4611300 
4156920 

454380 



Answer.— 



l/JL _ 

81 ■ 



0.69388 



129 



To prove the correctness of the above example, we will next find answer by changing the com- 
mon fraction M, for which we have to find the square root in a decimal. 



81 



39.0 -H 81 = 0.481481 + 
324 

660 
648 


he 


same 


T/0.481481 = 0.69388 
36 

129)1214 
1161 


120 
81 


1383)5381 
4149 


390 
324 


13868)123200 
110944 


660 
648 


138768)1225600 
1110144 


120 
81 

39 

V^ = 0.69388 + being tl 


115456 

result as before. 



Answer. — 

Another method of proving this example, is to find the square root out of the common fraction 
without reducing it to its lowest terms. If correct it will also demonstrate to the student that the 
reducing of a common fraction (for drawing the square root) to its lowest terms is correct, and either 
may be made use of or not. 



V~- 



i/"8r 



' 36 



6.24499 + 



122) 300 
244 



1244) 5600 
4976 



12484) 62400 
49936 



124889) 1246400 
1124001 



1248989) 12239900 
11241901 



997999 



l/81 = 9 
81 






6.24499 + 



or 6.24499H-9 



9)6.24499=0.69388 + 
54 



84 
81 



34 
27 



79 

72 



79 
72 



Ansioer. — 



= 0.69388+ or the same answer as already proven. 



J^ote. This example will also demonstrate to the student that the reducing of a fraction to its 

lowest terms is not always the shortest course ; i. e., always examine in which fraction you find either 
one or both terms a perfect square ; 81 is a perfect square, whereas 27 is not. 



I30 



Square Root of Mixed Numbers. 

If we have to extract the square root of a mixed number composed of au integer and a common 
fraction, change the same to its equivalent value either in an improper fraction, or a mixed numbei 
expj^sed by integer and decimals, and proceed as explained before. 

Example — Find square root of 911. a. Use decimals, b. Use improper fraction. 

a. i/9f| |6 = 36 -J- 64 = 0.5625; thus: 911 = 9.05625 and, 

64 

V 9.56 I 25 = 3.092+ 

9 



609) 5625 
5481 



6182) 14400 
12364 



Answer.-^ 



a. 3.092+ is the square root of 9il. 



2036 

, . . l/ 612 

b. |/9|f = y' w = .=:- 

F «4 

1^6 1 12 = 24.739+ 
4 



l/9ff = 24.739 + and 



24.739 -^ 8 
24 



8 
=3.092 + 



44)212 
176 



487) 3600 
3409 



l/64 
64 



73 
72 

19 
16 



4943) 19100 
13929 



49469) 517100 
445201 



,— b. 3.092 + is the square root of 911. 



71899 



Table of Square Roots. 

(From I to 240,) 



Number 


Square Root. 




Number 


Square Root. 




Number 


Square Root. 


Number 


Square Root. 


I 


I. 0000 


19 


4-3589 


37 


6.0828 


75 


8.6603 


2 


1.4142 




20 


4.4721 




38 


6.1644 


80 


8.9443 


3 


1. 7321 




21 


4.5826 




39 


6.2450 


85 


9-2195 


4 


2.0000 




22 


4.6904 




40 


6.3246 


90 


9.4868 


5 


2.2361 




23 


4-7958 




41 


6.4031 


95 


9-7468 


6 


2.4495 




24 


4.8990 




42 


6.4807 


100 


TO 0000 


7 


2.6458 




25 


5.0000 




43 


5-5574 


no 


10.4881 


8 


2.8284 




26 


5.0990 




44 


6.6332 


120 


10.9545 


9 


3.0000 




27 


i- 1962 




45 


6.7082 


130 


11.4018 


10 


3- 1623 




28 


5-2915 




46 


6.7823 


140 


11.8322 


II 


3-3166 




29 


5-3852 




47 


6.8557 


150 


12.2474 


12 


3.4641 




30 


5-4772 




48 


6.9282 


160 


12.6491 


13 


3.6056 




31 


5-5678 




49 


7.0000 


170 


-13.0384 


14 


37417 




32 


5-6569 




50 


7.0711 


180 


13-4164 


IS 


3-«73o 




33 


5-7446 




55- 


7.4162 


190 


13.7840 


16 


4.0000 




34 


5-8310 




60 


7-7460 


200 


I4.I421 


17 


4-1231 




35 


5.9161 




65 


8.0623 


220 


14-8323 


18 


4.2426 




36 


6.0000 




70 


8.3666 


240 


15-4919 
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CUBE ROOT. 

If a number is multiplied twice by itself, the product is called the cube of the number ; hence 216 
is the cube of 6, since 6X6=36X6=216. 

To extract the cube root of a given number, is to find one of the three factors producing. 
The symbol f^ placed before a given number, indicates that the cube root is wanted. 
There are two kinds of cubes, perfect cubes, being such which have an integer for its cube 
root ; and imperfect cubes, containing a mixed number or fraction for its cube root. 
The following numbers of less than 1,000 are perfect cubes : 

8 is the cube of 2 ; 27 is the cube of 3 ; 64 is the cube of 4 ; 1 25 is the cube of. 5 ; 
21 6 is the cube of 6 ; 343 is the cube of 7 ; 512 is the cube of 8 ; 729 is the cube of 9. 

Rule for Finding the Cube Root of a Given Number. 

Separate the numbers into periods of three figures each, beginning at units place. 

Find the greatest cube root of the left hand period and place its root at the right. Subtract 
the cube of this root from the left hand period, and to the remainder annex the next period for a new 
dividend. Next place three times the first figure of the root to the extreme left and three times the 
square of the first figure of the root, with two ciphers affixed to it, to the left near the dividend for a 
trial divisor. Divide the dividend by this trial divisor and put the quotient at the right of the extreme 
left situated number and also as the second figure of the root. 

Read extreme number and quotient as one number, and multiply the same by the second figure 
of the root. Put this product below the trial divisor and add both ; multiply this sum again by the 
second figure of the root,, and put product below the dividend. Next subtract, and if a remainder, 
annex a new period, form second extreme left number, second trial divisor and quotient (= next figure 
for root) and proceed as before. 

Example. — Find cube root of 110,592. 



(Cube root) 

T! 01592^ = 48 



/Extreme lefO 
\ number 



) fQuotient) 



12 





64 


4800 




1024 


46592 


5824 


46592 



00000 



Specified figuring'. 

4X4X4=64 
4X3=12 
4X4=16X3=48 (4800) 
128X8=1024. 
5824X8=46592 



Anmer.— f 110692 



=48 



Proof.— 48X48=2304X48=110592 

If required to extract the cube root of a decimal fraction, divide the fraction also into periods of 
three figures each, commencing from the decimal point toward the right. If in the last period only 
one figure is left, annex two ciphers ; if two figures are left over annex one cipher, or in other words, 
the decimal fraction must be some multiple of 3. 

Uxample. — Find cube root of 553.387661. 

*■ Specified figuring. 

8X8X8=512 
8X3=24 
8X8=64X3=192=(19200) 
242X2=484 
19684X2=39368 
82X3=246 
82X82=6724X3=20172 (2017200) 
2461X1=2461 
2019661X1=2019661 

8.21 X8.21=67.4041 X821=.553.387661. 



24 — 


2 — 19200 
484 

19684 


553.387 1 661=8.21 
512 

41387 
39368 


246 — 


1 — 2017200 
2461 


2019661 
2019661 

21. Proof.— 




209661 


Answer. — 


1^553.387661=8. 
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The cube root of a common fraction is found either by taking the cube roots of their terms or Ky 
retlucing the common fraction to a decimal and proceeding as before. 

Example. — Find cube root of 'gjj- 



,3/ 27" 



343 



or 



1^343" 



1^27 



343 = 7 ; hence, 



change 343 to a decimal. (27 -^ 343 = 0.078717+) and find 





1^0.078 1 717=0.42 + 




64 




12 — 2 — 4800 




244 


14717 




5044 


10088 






4629 


Answer. — 


^1 = 0.42 + 


Proof.— 


Change f to a decimal 


3^-7=0.42 + 



If we have to extract the cube root of a mixed number composed of an integer and common 
fraction, change the same to its equivalent value, either in an improper fraction or to a mixed number 
expressed by integer and decimals, and proceed as explained before. 



Number ! Cube Root. 



2 


1.259921 


3 


1.442250 


4 


1. 587401 


5 


1.709976 


6 


1.817121 


7 


[.912931 


S 


2.000000 


9 


2.080084 


10 


2.154435 


11 


2.223980 


12 


2.2S9428 


13 


2.35'335 



Table of Cube Roots. 

(From No. 2 to 50.) 



Number 



14 
15 
16 

17 
18 

19 
20 
21 
22 
23 
24 
25 



Cube Root. 



2.410142 
2.446212 
2 519842 
2.571282 
2.620741 
2.668402 
2.714418 
2.758924 
2.802039 
2.843867 
2.8S4499 
2.924018 



Number 



Cube Root. 



26 


2.962496 


27 


3.000000 


28 


3-036589 


29 


3.072317 


30 


3.107232 


y- 


3.141381 


32 


3.174802 


33 


3 •207534 


34 


3.239612 


35 


3.271066 


36 


3.301927 


37 


3.332222 



Number 



38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 

50 



Cube Root. 



3-361975 
3.391211 

3-419952 
3.448217 
3.476027 
3-503398 
3-530348 
3-556893 
3-583048 
3.608826 

3-634241 
3.684031 



AVERAGE AND PERCENTAGE. 

Average. — The average of two, three or more groups of numbers, is found by adding the numbers 
and dividing the sum by the number of groups used. 

Example. — Find average counts between 5 and 6-run yarn. 

•5 
+6 



11^2=5J 



Ansiver. — 



5J-run. 
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Exam/pie. — Find average lengths of the following 5 pieces of cloth measuring respectively 42 yards, 
43 yards, 42 J yards, 41 f yards, 42 yards. 

42 
43 

421 211i -^ 5 = 42i 

41 i 

+ 42 



211i 
Answer. — The average length of the pieces of cloth in question, is 42;^ yards. 

Percentage. — The symbol of percentage is fc, and reads per cent. For example : 32% white 
wool, reads 32 per cent, white wool. 

Per cent, means by the hundred, thus 32 fo means 32 of every hundred. For example, we speak 
about a mixture of wool as gray mix, 40 % white, the remainder black ; this means, that in every 
hundred pounds wool there are forty pounds white, and sixty pounds black ; thus, if the lot of wool 
contains 450 lbs. wool, we used 180 lbs. white wool, 270 lbs. black wool. 

The Rate per cent, is the number of hundreths. 

The Base, is the number on which the percentage is estimated. 

Tiule for finding the percentage : Multiply the base by the rate per cent. 

'Exampk.—FmA. 12 per cent, of 430 lbs. 430 X tot = 51.60. 

Answer. — 12 per cent, of 430 lbs. is 51.6 lbs. 

Proof. — 



100 




12 and 88 per cent, of 430 = 430 X tot = 


= 378.40 


88 +12 " of 430:- (J-.J = 


51.60 



430.00 lbs. 

Rule for finding the rate per cent. — Divide the percentage by the base. 

Example. — In a lot of wool of 400 lbs., there are 20 lbs. red wool and 380 lbs. black ; how many 
per cent, of red wool are used in this lot ? 

20 -^ 400 = ^\ = ifo. 

Answer. — 5 per cent, of red wool are used. 

Proof.— 400 X Th = 20. 

Rule for finding the base. — Divide the percentage by the rate per cent. 

^icampfe. ^-Received 138 lbs. of yarn marked as 8 percent, of the entire lot, how man\' pounds 
are in the whole lot ? 

138 -r- l-lo := 1725 

Answer. — 1,725 lbs. yarn are in the entire lot of yarn. 

Proof— 138 -^- 1725 = 0.08 = tU or 8 per cent. 

RATIO. 

Ratio is the relation which one number (called the Antecedent) has to another number (called the 
Consequent) of the same kind, and is obtained by dividing the first by the second ; thus, the ratio of 
20 to 5 is 20^5 or 4. 

The symbol of ratio is a colon (:), or the ratio may be written as a fraction; thus, 20 to 5 
may be expressed either as 20 : 5 or ¥. 

Both terms of a ratio are called a Couplet. 

Simple Ratio is the comparing of two numbers ; for example, 18:6 = 3. 
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Compound Ratio is the comparison of the products of the corresponding terms of two or more 
ratios ; for example. — find the ratio of 2 : 4, 8 : 3, and 6 : 2. 

2 2 
2X8X6 _ ^X^X^ _ 2X2 _ 4 ^ ^ 




4X3X2 ^X^X^ 1 1 

Aiiswer. — The simple ratio for example is 4 : 1 or 4. 

This example will give us the rule for changing a compound ratio to a simple ratio as follows : 
Multiply the antecedents together for a new antecedent, and the consequents for a new consequent, and 
reduce both to their lowest equivalent terms. 

As previously mentioned the ratio is a fraction, consequently its terms may be treated like those of 
a fraction, thus the following 

Principles of Ratio. 

The ratio is equal to the antecedent divided by the consequent. 

Multiplying the antecedent, multiplies the ratio. 

Multiplying the consequent, divides the ratio. 

Dividing the antecedent, divides the ratio. 

Dividing the consequent, multiplies the ratio. 

Multiplying or dividing the antecedent and consequent by the same number, does not effect the ratio. 

The product of two or more simple ratios, is the ratios of their products. 

PROPORTION. 

Proportion consists in the equality of two ratios, and is expressed by the symbol of equality (=) 
or the double colon ( : : ). 

Every proportion consists of two couplets, or four terms. For example. — 8 : 12 = 4 : 6. 
The Antecedents are the first and third terms (8 and 4 in example). 
The Consequents are the second and last terms (12 and 6 in example). 
The Extremes are the first and last terms (8 and 6 in example). 
The Means are the second and third terms (12 and 4 in example.) 

Principles of Proportion. 
In a proportion the product of the means is equal to the product of the extremes. 



/ 12 X 4 = 48, product of the means. \ 
V 8 V fi = 48. " " extremes. ) 



8 X 6 = 48, " " extremes. 

The product of the extremes divided by either mean will give the other mean. 

f Product of I _^ j One | ' The other I 

1 the extremes. \ ' ( mean, f ( mean, f 

48 -f- 12 == 4 

48 -^ 4 = 12 

The product of the means divided by either extreme will give the other extreme. 

( Product I _^\ One I __ j Tlie other 1 
( of means, f ' ( extreme. ) ( extreme. J 

48 ^ 8 = 6 

48 -f- 6 = 8 

There are two kinds of proportions ; single and compound proportion. 

Single proportion is an equality between two simple ratios, and is used to find the fourth term 
of a proportion where the other three terms are given. Two terms of the given three must be of the 
same kind and constitute a ratio ; and the third term (of the given three) must be of the same kind ai 
the regular term, and constitute with it another ratio eqviaf to the first. 
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Example. — 16,800 yards of yarn weigh 16 oz., find the weight of 3,900 yards. 

Yards. Yards. oz. oz. 
16800 : 3900 :: 16 : x 

( Product of ) _^ ( The given ) __ j The other } 
} the means. ) ' | extreme, j ( extreme, f 

3,900 X 16 = 62400 (product of the means). 62400 h- 16800 = 3iH or 3i 

Answer. — 3,900 yards weigh 3f oz. 

Proof.— 3,900 X 16 = 62,400 product of the means. 

16,800 X 3f = 62,400 " " extremes. 

(16,800 X 3f = 16,800 X ¥ and 16,800 X 26 = 436,800 -=- 7 = 62,400.) 

A Compound Proportion is a proportion in which either one or both the ratios are compound. 

The rule for finding the answer is as follows : Place the number which is of the same, kind or 
denomination as the answer required for the third term, form a ratio of each remaining pair of numbers 
of the same kind, the same as done in simple proportion, using each couplet without any reference to 
the other. Next, divide the product of the means by the product of the given extremes, and the 
quotient is the fourth term (= answer.) 

Example. — If weaving 1,536 yards of cloth on 8 looms in 12 days, how many yards will be 
woven on 34 looms in 16 days. 



(l/ooms to Looms.) 
8 34 

(Days to Days.) 

12 : 16 



( Yards to Yards. ) 
1,536 : X 



2 128 



16 X 34 X 1,536 _^ ^^ ^^ X 34 X .... ^ , ^ 34 = 68 X 128 = 8704 



12x8 ;^x^ 

Answer. — 8,704 yards will be woven. 

Proof. — 8 looms 12 days := 8 X 12 ^ 96 looms running 1 day. 
1,536 yards are woven on 96 looms in one day ; thus, 1536 ^- 96 = 16 yards per day (per one loom). 
34 looms 16 days = 34 X 16 = 544 looms running 1 day; thus, 
544 X 16 = 8,704 yards will be woven either on 544 looms in 1 day, or on 34 looms in 16 days. 

Example. — If weaving 9,448 yards of cloth on 12 looms in 9 days, running the looms 10 hours 
per day, how many yards of cloth will 20 looms, running 11 hours per day, produce in 12 days. 

(l/ooms to Looms.) 



12 20 

(Days to Days.) 

9' : 12 
(Hours to Hours.) 

10 : 11 



(Yards to Yards.) 
9448 : X 



11 X 12 X 20 X 9448 _ 

10 X 9 X 12 ~ ^ 

2 
11 X ;^ X # X 9448 _ 11 X 2 X 9448 

11 X 2 = 22 X 9448 = 207856 
207856 -^ 9 = 23095i 
Answer. — 23,095? yds. will be produced. 
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Proof. — \'l looms, 9 days, 10 hours = 1,080 hours for one loom 
9,448 are woven in 1,080 hours on one loom; thus, 
9,448 -^ 1,080 = StIt yds. per hour on one loom. 
20 looms, 11 hours, 12 days = 2,640 hours; thus, 

2,640 X 8x11 = 23,095i yds. will be woven either in 2,640 hours on one loom, or on 20 
looms running 11 hours per day in 12 days. 

ALLIGATION. 

Alligation has for its subject the mixing of articles of diiferent value and different quantities. 

Alligation Medial. 

Ride. — Multiply each quantity by its value and divide the sum of the products by the sum of 
the quantities. 

Exam/pie. — Find the average value per pound for the following lot of wool containing mixed : 
380 lbs. @ 74'' per lb. 



400 " " 78 


a 


a 




200 " " 79 


a 


(( 




20 " " 94 


a 


a 


380 X 74 = $281.20 

400 X 78 = 312.00 

200 X 79 = 158.00 

20 X 94 = 18.80 



770.00 -f- 1000 = 0.77 



1000 $770.00 

Answer. — The price of the mixture is 77/ per lb. 
Proof.— 11 f X 1000 = $770.00. 

Alligation Alternate. 

Rule. — Place the different values of the articles in question under each other, and the averpge rate 
wanted to the left of them. Next find the gain or loss on one unit of each, and use an additional 
portion (of one, two or more) of any that will make the gains balance the losses. 

Example. — How much of each kind of wool at respective values of 80/, 84/ and 98/, must be 
mixed to produce a mixture to sell at 88/ per lb. 



80 


+ 8X1= 8 


84 


+ 4X1 = + 4 = 12 gain 


98 


_ 10 X Is = =12 loss 



Answer. — We must use 1 part wool from the lot @ 80/. 

1 « ii II a a u g^ 
n " " " " " " 98 



Proof. — I 

By alligation medial. 1 



3,' parts, to produce a mixture to sell at 88/ per lb. 

1 lb. X 80/ 80/ 

1 lb. X 84 84 

IHbs. X 98 1171 



3i lbs. 2811/ and 3i lbs. X 88/ = also 2811/ 



To Find the Quantity of Each Kind Where the Quantity of One Kind or of the Mixture 

is Given. 

Example. — A manufacturer has 200 lbs. of wool of a value of 92 cents on hand which lie ^vantft 
to use up and produce a lot worth 80 cents per lb. He also has another large lot (2400 lbs.) of wool 



i37 



worth 73 cents per lb. on hand. How much of the latter must he use to produce the result; ?. e., a 
mixture worth 80 cents per lb? 



80 



92 — 12 X 200 = 2,400 
^73 + 7 X 342f = 2,400 gain. 

Answer. — He must mix 200 lbs. of the lot at 92 cents per lb. on hand and add 342f lbs. of the 
lot at 73 cents per lb. to produce a mixture worth 80 cents per lb. 

Proof.— 200 lbs. X 92^ = $184.00 

342f lbs. X 73^ = 260.28^ 



542f 



$434,281 



and 542? lbs. @ 80j^ = also $434.28i 



U. S. MEASURES. 





Measures 


of Length. 




Avoirdupois Weight. 




] 2 inches (in 


) = 1 foot (ft,). 




16 drachms (dr.) = 


1 ounce (oz.). 




3 feet 


= 1 yard (yd.). 




16 ounces = 


1 pound (lb.). 




5 J yards 


= 1 rod (rd.). 




28 pounds = 


1 quarter (qr.) 




40 rods 


= 1 furlong (fur.). 




4 quarters =: 


1 hundred weight(cwt.). 




8 furlongs 


= 1 mile (mi.). 




20 hundredweight == 


1 ton. 




3 miles 


= 1 league (lea.). 




1 pound Avoirdupois = 


7,000 grains, Troy. 




1760 yards 


= 1 mile. 




1 ounce " = 


437J " 




6 feet 


= 1 fathom. 
















Measure of Capacity. 




Surface 


Measure. 




60 minims =• 


1 fluid drachm (fl. dr.). 


144 


square inches (sq. 


in.)=l square foot (sq 


ft.). 


8 fluid drachms ^ 


1 fluid ounce (fl. oz.). 


9 


" feet 


^1 " yard(sq 


yd.) 


20 fluid ounces = 


1 pint (pt.). 


30i 


" yards 


=1 " rod (sq. 


rd.). 


2 pints = 


1 quart (qt.). 


40 


" rods 


=1 rood (ro.). 




4 quarts = 


1 gallon (gall.). 


4 


roods 


^1 acre (ac). 




2 gallons = 


1 peck (pk.). 


4840 


square yards 


=1 acre. 




4 pecks = 


1 bushel (bus.). 


60 


acres 


^1 square mile. 




8 bushels ^ 


1 quarter (qr.). 










1 minim equals 0.91 


grain of water. 



Cubic Measure. 

1728 cubic inches (cu. in.)=l cubic foot (cu. ft.). 
27 cubic feet =1 cubic yard (cu. yd.). 



Angle Measure. 

60 seconds (") are 1 minute ('). 
60 minutes " 1 degree (°). 
360 degrees " 1 circumference (C). 





Counting. 






Troy Weight. 




12 ones 


= 1 dozen (doz.). 




24 


grains (gr.) =?= 1 pennyweight. 




12 dozen 


= 1 gross (gr.). 




20 


pennyweights = 1 ounce. 




12 gross 


= 1 great gross (gr. 


grs.). 


- 12 


ounces ^= 1 pound. 




20 ones 


= 1 score. 












Paper. 






Apothecaries' Weight. 




24 sheets = 1 quire. 






20 grains = 1 scruple. 




20 


quires = 1 ream. 






3 scruples = 1 dram. 




2 


reams ^ 1 bundle. 






8 drams = 1 ounce. 




5 bundles = 1 bale. 






12 ounces = 1 pound. 
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METRIC SYSTEM. 

The Metric System, of weights and measures, is formed upon the decimal scale, and has for its 
base a unit called a metre. 

Units. — The following are the different units with their English pronunciation : 

The Metre (meter). — The unit of the Metric Measure is (very nearly) the ten millionths part of 
a line drawn from the pole to the equator. 

The Litre (leeter). — The unit for all metric measures of capacity, dry or liquid, is a cube whose 
edge is the tenth of a metre (or one cubic decimetre). 

The Gram (gram). — The unit of the Metric Weights, is the weight of a cubic centimetre of 
distilled water at 4° centigrade. 

The Are (air). — is the unit for land measure. (It is a square whose sides are ten (10) metres.) 

The Stere (stair). — is the unit for solid or cubic measure. (It is a cube whose edge is one (1) metre.) 

Measure of Length. 



Metric Denominations and Values. 



Equivalent in Denominations used in the United States.. 





Meters. 


Indies. 




Myriametre (Mm.) 


or lOOOO equals 


393707.904 — 


6.21 miles. 


Kilometre (Km.) 


" lOOO '.' 


39370.7904 = 


3.280 ft. 10 in. 


Hectometre (Hm.) 


" lOO " 


3937.07904 -= 


328 ft. I in. 


Decametre (Dm.) 


" lO " 


393.707904 = 


32.8 ft. 


Metre (M.) 


" 1 " 


39.3707904 — 


3.28 ft. almost 40 in. 


Decimetre (dm.) 


" O.I " 


3.9370790 = 


almost 4 in. 


Centimetre (cm.) 


" O.OI " 


0.3937079 




Millimetre (mm.) 


" O.OOI " 


0.0393707 





U. S. Measures. 



I Inch = 
I Yard = 



Metric Measure. 



2.5399 Centimeters. 
0.9143 Metre. 



U. S. Measures 



I Foot 

I Mile 



Metric Measures. 



3 0479 .Decimetres . 
1609.32 Metres. 



Measure of Capacity. 



Metric Denominations and Values. 



Myrialitre (Ml.) 
Kilolitre (Kl.) 
Hectolitre (HI ) 
Decalitre (Dl.) 
Litre (L.) 
Decilitre (dl.) 
Centilitre (cl.) 
Millilitre (ml.) 



1 0000 

1000 

100 

10 

I 

0.1 

O.OI 
O.OOI 



litres 



— 10 cubic meters 



I 




metre 


100 




decimetres 


10 




decimetres 


I 




decimetre 


100 




centimetres 


10 




centimetres 


I 




centimetre 



Equivalent in United States 
Denominations . 



2200.9670 
220.0967 
22.0097 
2.2009 
1.7608 
6.1027 
0.61027 
0.061 



gallons 



pints 

cubic inches 





Measure of 'Weight. 




Metric Denominations and Values. 


Equivalent in United States 
Denominations. 


Myriagram (Mg ) 
Kilogram (Kg ) 
Hectogram (Hg.) 
Decagram (Dg.) 
Gram (G.) 
Decigram (dg.) 
Centigram (eg ) 
Miligram (mg ) 


= loooo grams. 
= 1000 " 
= 100 " 
= • 10 " 
= I " 
=- 0. 1 " 

= O.OI 
= O.OOI 


— 10 cu. decimetres of water 

— I " '/ " " 
= 100 " centimetres " " 
= 10 " " " " 

C (( (( *( *( 

= 100 " millimetres " " 
= 10 " " " " 

= I " " " " 


22 046 lbs., Avoir 

2.204 " " 

3-527 oz., " 
154-323 grams. 
15432 " 

1-543 " 

154. " 

0.015 " 

^=B^r« 



We have a reputation as AUTHORITY on 

Knitting and Knitting Machines 

and a strong and honest desire to qualify as such 
- — CONSULT US ON 



Plof kr»;ff;»^ IVyi^^k:^^^. of the latch needle type, such as used 
nar IVnitting IViaCnineS in the production of all Unes of sweaters, Coats. 
Jackets, Shaker and Sporting Goods, Rib and Jersey work, etc. 

Clof Vw^U^lw^^ lvyio.^k;^^» of the spring beard needle type, 

rial iVnitting IViaCnineS aUo known as "Cottons" Patem for Full Fash- 
ioned Hosiery, Underwear, Jerseys, Sporting Goods, Rib Tops, etc. 

Flat Knitting Machines »'*= warp .„d double rib type w 

of all descriptions, Trimmings, Towels, etc. 

Circular Knitting Machines N'EEDLEs,(or.ariou. fabrics and purposes 
Sewing and Finishing Machines, LooPER'?^„fS!!ff.'*p!: 

cialties required in connection with Knitting Machines. 
We candidly admit our shortcomings and refer you to better sources of information. 

THE GROSSER KNITTING MACHINE CO. 

260 West Broadway Max Nydegger NEW YORK, U. S. A. 



Shawls, Fascinators, Hoods, Fancy Knit Goods 
th LATCH and SPRING BEARD 



TEXTILE 
SOAPS 



GRAN-CARB-SODA 



THE HOLBROOK MFG. CO. 

Cole* & 18th St., 
JERSEY CITY, N. J. 

. The Best is Good Enough 



LUDWIC LITTAUER 


Y 


Tram, THROWN SILK, Organzine. 


Y 


ARTIFICIAL OR WOOD SILK 


A 
R 


HOSIERY SILKS 

Domestic and Imported Plain, Gassed and Mer- 
cerized Cotton. 
Polished and Glazed Threads and Yarns. 


A 
R 


N 


Mohair and Worsted, Tinsel and Turkey Red Yarns. 


N 

S 


Best Quality Harness Twine. 


S 


109 GREENE ST., NEW YORK 


Sillc Throwing: Mills, BOONVILLE and 
YONKERS, N. Y. 




H. ALBAJM LUDWIG, Chemnitz, Saxony 

Manufacturer of ttie Famous "LUDWIC'S" 

FULL FASHIONED HOSIERY (and Underwear) MACHINES, System "Cotton" (in any gauge or sections-for all stylesand 
qualities). Special Important features:— Divided Narrowing- Machines. Patented Internal Cam Movement. Movable Knocking--over Bits. 

OUR MACHINES SATISFY ALL 

THE MANUFACTURER obtains tlie largest possible pro- 



RIB-TOP MACHINES (Ludwig's High System-Cotton's System) 

LATEST SUCCESSFUL PATENTED IMPROVEMENT! 
ONE AND ONE RIB MACHINES WITH AUTOMATIC NARROW- 
ING for Full Fashioned Hosiery and Underwear. 



ductlon; 

THE FOREMAN lias tlie least possible trouble; 
THE KNITTER earns the highest possible wages. 
AND WE CAN PROVE IT 



LOUIS HIRSCH, Sole Representative for the (1. S. A. and Canada, 260-262 W. Broadway (Wool Exchange BIdg.), New York City 



EMMONS LOOM HARNESS CO. 

=LAWRENCE, MASS.= 

LOOM HARNESS and REEDS 



COTTON HARNESS for 
all kinds of Plain and 
Fancy Weaves in Cotton 
and Silk Goods. 

MAIL HARNESS for 
Duck. Worsted. Silk and 
Woolen Goods. 

SELVEDGE HARNESS, 
any depth up to 25 
inches for weaving Tape 
Selvedges. 




BEAMER AND DRESSER 
HECKS. 

JACQUARD HEDDLES, 

MENDING EYES and 
TWINE. 

REEDS for Cotton, 
Woolen, Silk and Duck. 

WARPER AND LEICE 
REEDS. 

SLASHER AND STRIK- 
ING COMBS. 



SOLE AGENTS FOR 

"open EYE" 



Thibaud's Improved Open Eye 

Braided Heddles 




The Best Heddle Made 



Tradt Sfart'i 



For Ribbons and Spaced Work 



p. B. MMANUS, Pres. and Treas* E. J. M'CAUGHEY, Secy, and Mgr. JOHN M'MANUS, Vice-Pres. 

HOME BLEACH AND DYE WORKS 



INCORPORATED 



DYERS, BLEACHERS AND MERCERIZERS OF 
COTTON YARNS— IN SKEIN AND WARP 



CLEAN AND BLOOMY 

FAST BLACK 

FOR SILK GOODS 

THE DEEP BLUE TONE 
DESIRED 

ESTABLISHED 1881 




Pure Bleaching for Piece 
Dye Work 

Fancy Colors Dyed to 
Match Samples 

Special Finish 

CAPACITY 20 TONS 
PER DAY 



HIGHEST QUALITY OF MERCERIZING 

Office and Works at Pa\vtucket, Rhodc Island 



AlVIERICAIM SUPRLY CO. 

135 fit 13T Wastiington St. - - RROVIDEINJCE, R. I. 

IVlanufacturers ol 

Loom Harness Reeds and Leather Belting 

Rawhide and Leather Pickers Jacquard Heddles and Selvedge Harnesses 



EST.VHI,1S11E1» lH-4 



MANUFACTURERS 
: : ! OF : : : 



D. H. WILSON & CO., Coppersmiths 

DRYING AND FINISHING MACHINERY 

for Cotton and Woolen Mills, Print Works, Bleacheries, etc. Also, every description of Copper Work for Chemical Works 

MAKERS OF THE WILSON STEEL HEA.O SL.A.SHER CYLIMDERS 

Repalrlnif of Copper DrylnQ Cans and Cylinders a Specially 

Office and WopRs, - - - LOWELL, 1VIA.SS. 



A.. G. THl_JR.STON & SON R. W. THURSTON, proprietor 



MANUFACTURERS pjy^g^j p^j„g Prgsscrs fof Flyers and General Machinery 

Specialties made of Renecking, Reflutiag, Filing and Honiag all kiads of Rolls 

SPEEDER FLYERS REPAIRED AND FITTED WITH ANY DESIRED STYLE OF PRESSER 

Spindles Straightened, Restepped, Retopped 

Cop. IVIulberry and Dl-vlslon Streets - FALL, RIVER, MASS . 




ESTABUSHED 1848 



JAS. H. BILLINGTON CO. 



INCORPORATED 1899 



MANUFACTURERS OF 



BOBBINS, SPOOLS & SHUTTLES 

OAK LEATHER BELTING, RAW HIDE PICKERS, ETC. 
113 CHESTNUT ST. PHILADELPHIA, PA. 





THE BAKER MACHINE CO. 

F»RESSERS AND ELYERS 

Flyers Repaired and Fitted with any Desired Style of Pressers. 
Steel Rolls Renecked and Fluted. Large Stock of Flyers carried in Stock. 

NEW BEDFORD, :-: :-: IVf ASS. 



IVationail IVI acliiriepy Co,, incorporated 

NEAV AND SECOND HAND 

TEXTILE IVIACHIIVERY 

3Iill Properties for Sale and Lease. AppraisaLs Made. 

We are prepared to purcliase for cash desirable machinery in large or small lots. We make a specialty of 



WOOLEN MACHINERY. 



BUTLER EXCHANGE BLDG. 



PROVIDENCE. R. I. 



CRANSTON WORSTED MILLS 

BRISTOL, R. I. 

WORSTED, MOHAIR, AND NOVELTY YARNS 

COLORS FAST OR RESIST, AND MIXTURES 

W'e are the only manufacturers in United States making Novelty Yarns of 
Worsted and Mohair from raw material to finished product. 



FIRTH 6 FOSTER CO. 

DYERS and FINISHERS 

OF PIECE GOODS EXCLUSIVELY 




The best equipped plant tor the DVEINO 
and FINISHING of fine wool and wors- 
ted goods, also silk and wool fabrics. 
Mohair and Lustre Goods 
BRADFORD FINISH 

PHILADELPHIA 

NEW YORK OFFICE: 114 Fifth Ave.. Boom I403 



John F. Wetzel TRIIWKS 

MANUFACTURER OF FIBRE AJI%U1"«»WJ 




52 Washington Street, Paterson, N. J. 
Differences in Good Trunks 

Few men realize there is a difference — a wide difference — in first grade trunks. 

This exists because of the variable standards in trunk making— because few 
makers are willing to sacrifice lo art in their product. 

WETZEL PATERSON MADE TRUNKS are the finest and strongest 
first grade VULCANIZED, FIBRE TRUNKS manufactured. 

Because their standard in wear, in workmanship, in materials, is infinitely 
higher than others. 

You can easily prove this fact by trying one, comparing it with inferior 
trunks that are offered or less money — and be convinced. 

Remember this — Quality and Service are remembered long after price is 
forgotten. 

We Guarantee All Our Trunks For Two Years^ and This 
Means Perfect Trunk Construction 

Trunk Repairing a Specialty— Trunks of Every Description 



Established 1836 



W. A. Hopkins, Gen. Mgr. 



Incorporated 1904 



HOPKINS MACHINE WORKS, INC. 

Spindle Makers and Machinists 
Bridgeton, R. I. Providence, R. I. 

* Office, 810 Industrial Trust Building 



SPECIALTIES 



FULLING MILLS CLOTH WASHERS PIECE DYING MACHINES 

YARN DYERS WASTE DUSTERS TANKS AND VATS PEROXIDE BLEACHING MACHINES 



F. & B. SUXER 

^Manufacturers of all kinds of 

LOOIVI REEDS 

QUILLER REEDS, SLASHER COMBS, SCOTCH HOOK REEDS, 

LEESE REEDS 

METAL REEDS OF EVERY DESCRIPTION 

41 Bayley Street -Telephone connection- PAW TUCKET, R. I. 




H. BRINTON CO. 

13-21S Race St. 

PHILADELPHIA, PA. 



— BUILDERS OF— 

KNITTING 
MACHINERY 

for 

HOSIERY 

and 

UNDERWEAR 

COMPLETE 
ESTIMATES 
FURNISHED 

The Cut sAo<wi our 

IMPROVED 
AUTOMATIC 
R I B B E R 

with Welt and Slack Course for Half Hose Tops aud Ribbed Legs 



A. Klipstein & Company 

129 PEARL ST., NEW YORK 
BRANCHES: 

283-285 Congress Street BOSTON, MASS. 

50-52 North Front Street PHILADELPHIA, PA. 

145.14.7 West Kinzie Street CHICAGO, ILL. 

II Pine Street PROVIDENCE, R. L 

17 East 4th Street CHARLOTTE, N. C. 

DYESTUFFS & CHEMICALS 

Sole Agents for 

THE SOCIETY OP CHEMICAL INDUSTRY 

BASLE, SWITZERLAND 

Synthetic Indigo 
Indigo Pastes 
Fast Vat Dyes 

CIBA AND CIBANON DYES 

Blue, Violet, Red, Scarlet, Green, Yellow, 
Brown, Black, Etc. 

SIZINQS AND FINISHING MATERIALS 



THE AXWOOD IVIACHIIME CO. 

OF STONINGTON, CONN. SILK 

w^ . . »« 1 . r COTTON 

Builders of Latest Designs in Machinery for and 

WORSTED 



HanK Winders 
Thread Winders 
Cop Doublers 
Thread Dressers 
Re-draw Frames 



Winders 

Warpers 

Reels 

Quillers 

Doubters 

Showroom for Silk Vlaclilnery 



Twisters 

Throwing Maetiinery 
yVdjustable Swifts 
Geared Swifts 



275 IVIARKEX STREET, PATERSON, N. J. 



PLEASE REIMEIMBER TO WRITE, WIRE OR TELEPHONE 

SXEIIM, HIRSH &L CO. 

WHEN IN NEED OF 
CORN, WHEAT, F»OXAXO 

Starch, Dextrine, Gum, Tapioca and Sago 



NEW YORK, 358 Washington St. 

Tel. 3220 Franklin 

PHILADELPHIA, 437 Drexel Building 



BOSTON, 120 Milk St. 

Tel. 2396 Fort Hill 

PROVIDENCE, 107 Westminster St. 



Tel. 1002 I ombard 



Tel. 4773 Union 



Elliot Standard Cloth 
Folder and Measurer 



For Cotton and Gin 


gham 


Mills, 


Print 


Works, 


Bleacheries, 


Silk 


Mills 


and 


Silk Finishers : 


: 


: 





MANUFACTURED BY 



ELLIOT &L HALL 

54 Hermon St., Worcester, Mass. 



Reliance Warp Dyeingand Sizing 

Machine 

CHARLES HART 




RELIANCE MACHINE 
WORKS 

FRANKFORD, PHILA. 



ESTABLISHED 1844 



BENJ. BUCKLEY'S SON, 



WILLIAM J. BUCKLEY. 



Manufacturer of all kinds of 

SPINDLES AND FLYERS 

For Cotton, Silk, Flax, Woolan and Worsted Machinery. 



ROVING SPINDLES AND FLYERS. 
LIGHT FORCINGS. REPAIRING OF ALL KINDS. 



GUN MILL, 



PATERSON, N. J. 



XRLTCKS 



FOR ALL USES 



AUSTRALIAN MANUFACTURING CO, 

Box 36 LAWRENCE, MASS. 



Linen Yarns and Threads 

Flax, Hemp, Jute, Line and Tow Yams in SIcein, Tube or Warp, 
Lowest price, pronipt delivery. Expert information on application. 

TURKEY RED YARNS. All Numbers 
HUGHES FAWCETT,115-lI7FranklinSt.,NewYork 



MILL 


BROOMS 


Quality and 


Prices Guaranteed 


Prompt Delivery 


WOONSOCKET BROOM MFG. CO. 


85 River St. 


Woonsocket, R. 1. 1 



THE BEST LOOM REED good for your work 

We make a specialty of H^aVy RCdlS "" °"S?J'S'tV^l-''''- 

Our Reeds have stood the test tor over FORTY YEARS. 

Let us quote you prices, and show you how good a Reed we can make. 

THE WHIXAKER REED CO. - - woRCE^sxER.MaT;. 



CHAS. MORNINGSTAR & CO. 



NEW YORK 



PRACTICAL EXPERTS IN FINISHING ALL TEXTILES 



Starches 
Dextrines 



Modified Starches 
Fluid Starches 



Printing Gums 
■Weighting Gums 



Sizes 
Finishes 



Glues 
Gelatines 



Egg Albumen 
Blood Albumen 



The greatest line of Starches and Starch Products in this country 



eJOHIM W, 




Addition to Plant of Weidmann Silk Dyeing Co. 



FERGUSOIM CO. 

Engineers and Building Contractors 

United Bank Building 
F»atepson, IV. eJ. 

Manufacturing Plants Constructed and Equipped 

New YorK Office, 253 Broadway 



^ Posselt's ^ 

Textile Journal 

A Monthly Journal of the Textile Industries 



'(oaSCe qf^ Gontents 
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E. A, Posselt. Publisher. 2152-2154 N. 21st St.. Philadelphia. Pa. 

Et^'op—o Atf-nl. . O.mB.o- Lo., M.«.o.. iH Ca-.tld.. lOO Bo^lh-.,* 9,,..,. !.«*•-. •- K 
BUB&CniPTICir<. O PCB TEAR C-I.-J-. M.SO p-r „.r. Tor.ldr. Conn.-I -. 11 v.rv.Kr 

SUBSCRIPTION $2.00 PER YEAR 
Canada $2.50; Foreign $3.00 



POSSELT'S TEXTILE JOURNAL 

E. A. POSSELT, Editor and Publisher 

From the standpoint of the practical informa- 
tion which it contains it is of vahie to every manu- 
facturer, superintendent, overseer and operative, 
among whom it is widely circulated, it is the 
leading and by far the most valuable of all textile 
trade publications. 

Special features in every issue: Discussions on 
Designing and Fabric Structure; Cotton, Woolen 
and Worsted Spinning; Silk from the Raw Fibre to 
the Finished Fabric; Cloth Analysis and Calcula- 
tions; Dyeing and Finishing Processes; Reviews 
of the Market and Suggestions as to the Creation 
of New Styles, Color Combinations, etc.; as well as 
a general report on the News of the Textile Mills. 

Address all Communications to 



2154 N. 21st Street 



Philadelphia, Pa. 



HOFFIVIAN-CORR MANUFACTURING CO. 

WE SELL COTTON TWINE, COTTON ROPE, DUCK, YARN CLOTH ON COMMISSION, 

WE SOLICIT YOUR ACCOUNT 

We make Baling Rope, Fancy Twine Banding, Every Mill should have a Flag, We are Headquarters. 
If you want any, write us. Get your Flag now. 

CONTRACTORS TO THE GOVERNMENT. COLD MEDALS AWARDED. 

PHILADELPHIA; 312 Market St. NEW YORK CITY: 150-152 Duane St. 




Electric Singeing Machinery 

for Cotton Yarns, Worsted, 
Silk Schappe, etc. 

\\ e lower >our cost of production from 30 to 60%. 

^^ e produce yarns of finer quality. 

We produce yarns of better color. 

\\ e give )-ou cleaner, safer work-rooms. 

Simple to operate. 

The onl}- machine that allows manufacturers to 

meet the demands of increasingly rigid legislation 

controlling the health conditions of the work-room. 

ete Anonyme Electro-Textile. 

Sole t'. S. Agent Tiieoi^oke F. Hissa. i ;,6 Liberu- St., New York City. 



WOOL DYEING 

In Two Volumes by WALTER M. GARDNER, F.C.S. 
Part 1 : Price $2. 00 Postage Prepaid Part 2 : Price $3. 00 

Contains : 
Complete Treatise on the Wool Fibre, Wool Scour- 
ing, Bleaching of Wool, Water, Mordants, Assistants 
and Other Chemicals, Etc. 



The only up-to-date books on dyeing published 
the United States. 



Contains : 

Complete Treatise on the Classification of Coloring 
Matters; Natural Dyestuffs; Artificial DyestufFs; 
Methods of Dyeing Wool in Various Forms; Suita- 
bility of Dyes for Different Classes of Work and a 
General Thesis on Dyeing, together with other in- 
formation of interest. 



Address all orders to 



Textile Publistling Co., 2154 North 21st St., Philadelphia, Pa. 



1848 



1911 




Manufacturers of most economical methods of 




Power Transmission 

for 

TEXTILE MILLS 



Main Office and Works : 

1600 Hamilton Street 

PHILADELPHIA, PA. 



New England Office : 

79 Milk Street 

BOSTON, MASS. 





^ . i^\ /« 


i 






^ 



Motto for the successful mill man: 

Test your yarns well and often. 
Get at facts in " Yarns " about yarns. 



Prevents 

seconds 

and 

losses 




It 
pays 
well 



Sizing Reel 



Sizing Scale for Yarns 



Alfred Suter ^^""Jib^, 



ENGINEER 




487 Broadway, New York City 

Importer and Specialist in 

Yarn and Cloth 
Testing Instruments 

as made by 

Messrs. Henry Baer & Co., of 

Zurich (Switzerland) 



Made to order to fit requirements 



ACCURACY GUARANTEED 



Conditioning Oven 



Also yarn evener controllers with velvet covered alum- 
inum boards. Roving reels. Analytical balances. 

Single action twist testers with take-up register and 
magnifying glass. Automatic single strand testers for 
yarns with oil controlled pull, also cloth testers. 




Automatic strength and elasticity 
measurer 



Best of 

References 

on 

demand 




Estimates 
gladly 



fi 



shed 



Double action twist measurer with take-up register and magnifying gla 



BEAMING AND WARP SPLITTING MACHINERY 




Back Drum and Parts 

OUR REPUTATION 

for this class of machinery 
has long been established. 

All our machinery is 
adapted to get results and 
guaranteed to be as repre- 
sented. 



eJACOB K. ALXEIVIUS 



TEXTILE MACHINERY = 

WINDING SPOOLING WARPING BEAMING 



Warp Splilling Machinery 



2S24 N. 4th St. 



Rhiladelptiia 



Champlain Spun Silk Yarn 

is a yarn built up to the needs 
of the users. 

If you are a weaver, a knitter 
or in any branch of textiles 
where SPUN SILK is used 
you will find we make a yarn 
suited to your particular purpose. 

Furnished in the natural or 
dyed, on cones, cops, tubes, 
spools, in warps or skeins, or 
as required. 

Champlain Silk Mills 

WHITEHALL, N. Y. 



OFnCES : 
New York, Springfield 
Philadelphia, Chicago 



MILLS : 
Whitehall, N. Y. 

Brooklyn, N. Y. 



TECHNOLOGY OF 
TEXTILE DESIGN 

A Practical Treatise on the Construction and Appli- 
cation of Weaves for all Kinds of Textile Fabrics, 
Giving also Full Particulars as to the 
Analysis of Cloth 

By E. A. POSSELT 

This is the most important book on Textile Designing 
ever published and contains full details as to the formation 
of the various weaves used in the construction of textile 
fabrics, such as Foundation Weaves, Derivative Weaves, 
Special Single Cloth Weaves, Double and More Ply Fabrics, 
Pile Fabrics, Gauze Fabrics, Carpets and Upholstery, 
Novelties in Designing, and the Analysis of Textile Fabrics. 
Price: $5.00, postage prepaid. 



The JACQUARD MACHINE 

Analyzed and Explained, 
By E. A. FOSSELT 

The m()St complete book in the F.nglish Language on 
this Subject; of incalculable value to the experienced man 
as well as the novice 

Contains full information as to the construction and 
mechanical operation of the Jacquard Machine ; the vari- 
ous tie-ups for numerous fabrics, including Damasks, Car- 
pets, Upholstery Fabrics, etc.; the cutting and preparation 
of the cards ; Containing also chapter relating to the prin- 
ciples of Jacquard Desij),ning. 

Price : $3.00, postage prepaid. 

These and other books relating to textile manufacturing published by 

TEXTILE PUBLISHING CO. 

2154 N. 21st Street PHILADELPHIA, PA. 




Volume I: Fibre, Qinning, Mixing, Picking, 
Scutching and Carding 

Volume 2: Combing, Drawing, Roller Cover= 
ing and Fly Frames 

A Complete Treatise on Modern Processes & Machinery 

Used in Connection with Cotton Spinning, 

Including all Calculations 



By E. A. Posselt 

Editor of Posselt's Textile Journal 



Completely Illustrated 

Two Volumes, Bound in Cloth 

Price, Three Dollars Each Volume, Including Postage 

Send for Complete Circulars of the Books 

TEXTILE PUBLISHING CO. 



2154 NORTH 21st STREET 



PHILADELPHIA, PA. 



GLOBE MACHINE&FOUNDRYCO. 

FRANKFORD, PHILADELPHIA, PA. 

Builders of Ihe Denn Warping Machinery. 
Specialists in Warping Machinery since 18 72. 




SPINDLE DRIVEN BALL WARPER. 

PATENTED DEC. 7tll, 1909 

We guarantee our spindle driven ball warper to 
pull any number of ends that it is possible to arrange 
in two creels, (about 1000), without chafing the yarn 
or squeezing out the ends of the ball. 

It builds a straight ball with an even tension 
throughout. 

Send for descriptive circulars. 



Wool, Cotton, Silk 

FROM FIBRE TO FINISHED FABRIC 

By E. A. POSSELT 
Editor and Publisher, Posselt's Textile Journ.^l 

THIS book contains full information as to the va- 
rious machines and processes used in the manu- 
facture of either wool, cotton or silk, from the raw 
material to the finished fabric, including weaving and 
knitting. The various chapters cover in detail all the. 
desired information as to the Raw Materials, Prepar- 
atory Processes ; Carding, Drawing, Spinning and 
Twisting; Winding, Warping and Weaving; Knitting; 
Dyeing, Bleaching, Mercerizing, Finishing Processes, 
etc., together with information as to Heat, Power, 
Speeds and Transmission. 



€J The information contained in the chapter on 
the Various finishing processes and machinery is 
the most complete treatise on the subject ever pub- 
lished; it is of incalculable value to any manufac- 
turer or finisher of cotton, woolen or worsted fabrics 
Price, S7.50, Postage prepaid 

TEXTILE PUBLISHING CO. 

2l54N.2lstST. --- PHILADELPHIA, PA. 



54% LESS BREAKAGE 

WITH OUR LATEST INVENTION 

The Duplex Heddle 

Positive facts are baclcing this statement. 
Don't hesitate with doing away with the 
old style Cotton Harness on your two and 
three shaft work. 
INCREASE your production ; 

DECREASE your expenses. 
Don't buy your heddles 

on the INSTALLMENT plan 
Put your harness purchases 

under MACHINERY ACCOUNT. 
WHY?— Our heddle is outlasting 

the Cotton Harness six to eight times. 

What is the DUPLEX HEDDLE? 

Write for samples and the in- 
formation will come with them 

STEEL HEDDLE MANUFACTURING CO. 

2110-2118 West Allegheny Ave., Philadelphia, Pa. 







WONALANCET 

^ Fix this name in your mind and the next time 
you need Carded Cotton for your woo! mixes send 
for the WONALANCET man. 
f The name— WONALANCET— appHed to 
Carded Cotton means the best as compared with 
the rest. 

^Highest in grade, uniformity of staple carrying 
power, cleanhness and results. 
^ We do nothing but card high grade white col- 
tons for progressive woolen mills. 
^What we know is at the service of any up-to- 
the-minute woolen mill man. 



Wonalancet Company 

Carded Cotton for Woolen Mills 

NASHUA, NEW HAMP. 
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Established 1815 



ARNOLD, HOFKIVIAIV & CO., loc. 



PROVIDENCE, R I. 
BOSTON, MASS. 



CHARLOTTE. N. C. 



-Importers and Manufacturers of- 



NEW YORK, N. Y. 
PHILADELPHIA, PA. 



Starches, Gums, Dextrine, Alizarine, Assistant, Soluble Oil, Soap 

And Every Known Material from every part of the World for Starching, Softening, 
Weighting and Finishing Yarn, Thread or any Fabric 

Special Attention given by practical men to specialties for SIZING, SOFTENING, FINISHING AND WEIGHTING, 

COTTON, WOOLEN AND WORSTED FABRICS, combining the latest European and American methods. 

We believe there is no problem in SIZING OR FINISHING that we cannot solve. 



Formulas for the best method '■f obtaining any DESIRED FINISH on any fabric cheerfully given. 



ROVING 

and 

DRAWING FRAMES 



OUR SPECIALTY 



Woonsocket Machine and Press Company 

WOONSOCKET, R. I. 

Southern Agent : J. H. MAYES, Charlotte, N. C. 



The Textile-Finishing Machinery Co. 

PROVIDENCE, R. I. 

"^^ ^ Bleaching, Dyeing, Drying, 
Printing ^o Finishing Machinery 

FOR 

Textile Goods and Warps 




SPECIALTIES 

Carpet Yarn. Sizing Machines 
Narrow Fabric Sizing and Finishing Machinery 
Lace Bleaching and ^Finishing Machinery- 
Silk Goods Finishing Machinery 



Bleaching Kier Fitted 'With 

Rusden Patent Circulator 

and Super Heater 



Mercerizing Maciiinery tor Cotton 
Goods and Warps 



